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<2 Do here moſt humbly lay 
===> this ſmall Preſenc at Tour 
=» &= Mojeſties Royal feer. . And 
= though ir comes accompa- 
ny'd with rwo dſadvantages;the meanneſs 
of the Author, and of the SybjeF, yer 
in both I am incoxraged by the preatneſs 
of your Mercy and your Knowledge. 
By the 0one1 am taught, thar you-can 
A forgive 


"2 


Taz EvrisTLE 
forgive the moſt preſumptuous Offendors : 
And by the other, that you wilt nor e- 
ſteem rhe leaſtwork of Nature, or Art, 
unworthy your Obſervation. Amidſt the 
many felicities that have accompani'd 
your Majeſties happy Reſtauration and 
Government; 1t1s none of the leaſt conſi- 
derable, thar Philoſophy and Experimental 
Learning have four by under your Koyal 
Patronage. And as the calm proſperity 
of your Reign has given us the lejſare 
ro follow theſe Studies of quiet and re- 
tirement, ſo it 1s juſt, that the Fruits of 
chem ſhould , by way of acknowledpe- 
ment , be returnd to your Majeſty. 
There are; -Sir, ſeveral other of. your 
Subjeas, of your Royal Society, now 
buſie about” Nobler matters : The Tm- 
provement of Manufafures and Apricul- 
tare, rhe. ſncreaſe of Commerce , the Ad- 
vantage 'of Navipation: ' In all which 
they are oſSiſted by your Majeſties Incou- 
ragement and Example, Amidſt all thoſe 

2a greater 


'DEDiCATORY. 


greater Deſigns,I here preſume co bring 
in that which is more proportzonable to 
che ſmalneſs of my Abilities, and ro 
offer ſome of rhe eaſt of all viſible 
things,co thar Mighty King, that has os 
bliſht an Empire over the beſt of all In- 


viſible things of this World, the Minds 
of Men. 


Tour Majeſties moſt humble 
and moſt obedient 


Subject ind Servant, 


RoByrrr Hooks. 
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TO THE 


pO i Frer my abi to our Great Founder and Pa- 
Wu tron, I could not. but think my ſelf oblig'd, 
in confideration of thole many Ingagements 
you have: laid npon me , to offer theſe my 
Ret». poor Labours to, this MOST 1LLU- 
STRIOUS ASSEMBLY, YOU have heen 
pleas'd formerly to accept of theſe rude Draughts. 1 have fince 
added to them ſome Deſcriptions, and ſome Conjettures of my 
own. Andtherefore, together with YOUR Acceptance, I muſt 
alſo beg YOUR pardon. The Rules YOU have preſcrib'd YOUR 
1 ſelves in YOUR Philoſophical Progreſs do ſeem the beſt that 
/ have everyet been pradtis'd.' And particularly that of avoiding 
/ Dogmatizing , andthe eſpouſal of any Hypotheſis not ſufficiently 
, grounded and confirm'd by Experiments. This way ſeems the 
moſt excellent., 'and may preſerve both Philoſophy and Natural 
| Hiſtory from its former Corruptions.In ſaying which, I may ſeem 
1 to condemn my own Courſe in this Treatiſe ; in which there 
| may, perhaps be. ſome Expreſſi ons, which may Gm raore poſitive 
| then YOUR Preſcriptions will permit : And thoughlI defire 
| | to have them underſtood only as ComeAures and Queries (which 
3 YOUR Method does not altogether difallow)yet it even in thoſe 
I have exceeded, *tis fit that I ſhould declare, that it was not 
done by YOUR Dire@ions. For it is moſt unreaſonable, that 
YOU ſhould undergo the imputation of the faults of my Con- 
Jefiures, ſeeing YOU can receive ſo ſmall advantage of reputa- 
tion by the ſleipht Obſervations of, : 


TOUR moſt bumble and 
moſt faithful Servant 


ROBERT HOOKE. 
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NAS 7 7» the great prerogative of Mankind above other 
2 Creatures, that we are not only able to behold the 
$239 works of Nature, or barely toſuſtein our lives by 

1 <2 them, but we have alſo the power of confidering, 
SS comparing, altering, afliſting, and 1 improving 

them to various uſes. And as this is the peculiar priviledge of humane 

: Nature in general, ſo is it capable of being ſo far advanced by the helps » 

of Art, and Experience, as to make ſome Men excel others in their | 

Obſervations, and Deduftions,almoſt as much as they do Beaſts. By the » 

addition of ſuch artificial Inſtruments and methods,there may be,jn 

ſome manner, a reparation made for the miſchiefs, and imperfeftion, 

mankind has drawn upon it ſelf, by negligence,and intemperance, and a 

wilful and ſuperſiitious deſerting the Preſcripts and Rules of Nature, 

whereby every man, both from a deriv'd corruption, innate and born 
with him, and from his breeding and converſe with men,zs very ſubje£ 
to ſlip into all ſorts of errors. 

The only way which now remains for us to recover ſome degree of . 
thoſe former perfeftions, ſeems to be,by refiifying the operations of the 
Senſe,the Memory,and Reaſon, ſince upon the evidence.the ſtrength, 
the integrity,and the right correſpondence of all theſe,all the light, 
by which our affions are to be guided, #: to be renewed, and all our com- 
mand over things 1s to be eſtabliſht. 

It is therefore moſt worthy of our conſideration, to recolleA their ſc- 
ſeveral defefis, that ſo we may the better underſtand how to ſupply them, 

and by what aſſiſtances we may inlarge their power,and ſecure them in 
performing their particular duties. 

As for the aftions of our Senſes, we cannot but obſerve them to be in 


a many 
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many particulars much outdone by thoſe of other Creatures, and when 
* at beſt tobe far ſhort of the perfedtion they ſeem capable of : And theſe 
infirmities of the Senſes ariſe from a double gauſe, either from the dif. 
p proportion of the Objett to the Organ, wh#eby an infinite number of 
things can never enter into them.or elſe from error in the Perception, 
that many things, which come within their reach, are not received ina 
right manner. 
The like frailties are to be found in the Memory ; we often let many 
' things flip away from us, which deſerve tobe retain'd; and of thoſe 
which we treaſure up, a great part iz either frivolous or falſe ; and if 
good, and ſubſtantial, either in trafi of time obliterated, or at beſt ſo 
overwhelmed and buried under more frothy notions, that when there is 
need of them, they are in vain ſought for. 
The two main foundations being ſo deceivable, it is no wonder, that , 
« all the ſucceeding works which we build upon them,of arguing, conclu- 
ding Adefining,qudging, and all the other degrees of Reaſon, are lyable to 
the ſame imperfeftion, being, at beſt, either vain, or uncertain : Sothat 
the errors of the underſtanding are anſwerable tothe two other, being 
defefiive both in the quantity and goodneſs of its knowledge ; for the li- 
mits, to which our thoughts are confi nd, are ſmall in reſpe& of the vaſt 
4 extent of Nature it ſelf ; fome parts of it are too large to be compreben- 
ded, and fome too little to bepercetved. And from thence it muſt fol-. 
low;that not having a full ſenſation of the Objefs, we muſt be very lame 
and imperfeft in our conceptions about it , and in all the propoſitions 
, which we build uponit ; hence we often take the. ſhadow of things for 
/ the ſubſtance, ſmall appearances for good fimilitudes, fimilitudes 
4 for definitions; and even many of thoſe, which we think. to be the moſt 
folid definitions, are rather expreſſions of our own miſguided apprehen- 
ſions then of the true nature of the things themſelves. 
The effets of theſe imperfettions are manifeſted in different ways,ac- 
| cording tothe temper and diſþofition of the ſeveral minds of men, ſome 
they incline togrols ignorance and ſiupidity, and others toa pre- 
ſumptuous impoſing on other mens Opinions, and a confident dog- 
matizing on matters, whereof there is no aſſurance to be given. 


Thus 
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* Thug all the uncertainty, and miſtakes of humane aGtions, proceed 1 
either from the narrowneſs and wandring of our Senles, from the ſlippe= 
rineſs or deluſion of our Memory, from the confinement or raſbneſs of / 
our Underſtanding, fo that 'tis no wonder, that our power over natu< | 
ral cauſes and effetis is fo ſlowly improv d, ſeeing we are not only to 
contend with the obſcurity and ditticulry of the things whereon we work. 
and think. but even the forces of our own minds conſpire to betray us, 

Theſe being the dangers in the proceſs of humane Reaſon, the remedies 
of them all. can only proceed from the real, the mechanical, the ex- 
perimental Philoſophy.which has this advantage over the Philoſophy of 
diſcourſe and difputation,that whereas that chiefly aims at the ſubtilty 

| of its DeduGiions and Concluſions , without much regard to the firſt 
q ground-work., which ought to be well laid on the Senſe and Memory ; 

F k this intends the right ordering of them all,and the making them ſer- 
viceable to each other. 

The firſt thing to be undertaken in this weighty work., is a watch- 
fulneſs over the failings and an inlargement of the dominion, of 
the Senſes. 

: To which end it is requiſite, firſt, That there ſhould be a ſcrupu- 
lous choice,and a ſtrift examination, of the reality, conſtancy, and 
certainty of the Particulars that we admit:This 3s the firſt riſe where- 
on truth 34 to begin, and here the moſt ſevere, and moſt impartial dili- 
gence, muſt be imployed ; the ſtoring up of all, without any regard to 
evidence or uſe, will only tend to darkneſs and confuſion. We muſt 
not therefore eſteem the riches of our Philoſophical treaſure by the num- 
ber only, but chiefly by the weight;the moſt vulgar Inſtances are not to . 
be neplefied,but above all, the moſt inſtruftive are to be entertain'd; . 
the footſteps of Nature are to be trac d,not only in her ordinary courle, 
but when ſhe ſeems to be put to ber ſhifts.to make many doublings and 
turnings, and to uſe ſome kind of art in indeavouring to avoid our 
diſcovery. 

The next care to be taken, in reſpeA of the Senſes, 3s a ſupplying of 
their infirmities with Inſtruments, and, as it were, the adding of arti- 
ticial Organs to the natural ; this in one of them has been of late years 

accom- 
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accompliſht with prodigious benefit to all ſorts of uſeful knowledge , by 
,, the invention of Optical Glaſſes. By the means of Teleſcopes, there 33 
, nothing ſo tar diſtant but may be repreſented to our view ; and by the 


+ belp of Microſcopes, there 3s nothing ſo ſmall, as to eſcape our inqui- / 


ry ; hence there is a new viſible World diſcovered to the underſtanding. 
By this means the Heavens are open'd, and a vaſt number of new Stars, 
and new Motions, and new Produttions appear in them, to which all the 
antient Aſtronomers were utterly Strangers. By this the Earth it ſelf, 
which lyes ſo neer us, under our feet, ſhews quite a new thing to us, and 
#n every little particle of its matter, we now behold almoſt as great a 
variety of Creatures, as we were able before to reckon up in the whole 
Univerſe it ſelf. 

It ſeems not improbable , but that by theſe helps the ſubtilty of the 
compoſition of Bodtes, the ſtruiure of their parts, the various texture 
of their matter, the inſiruments and manner of their inward motions, 
and all the other poſſible appearances of things, may come to be more 
fully diſcovered ; all which the antient Peripateticks were content to 
comprehend in two general and ( unleſs further explain'd ) uſeleſs 
words of Matter and Form. From whence there may ariſe many admi- 
rable advantages,towards the increafe of the Operative, and the Me. 
chanick Knowledge, to which this Age ſeems ſo much inclined, becauſe 
we may perhaps be inabled to diſcern all the ſecret workings of Nature, 
almoſt inthe ſame manner as we do thoſe that are the produdtions of 
Art, and are manag d by Wheels, and Engines, and Springs, that were 
deviſed by bumane Wit. | 

In this kind T here preſent to the World my imperfect Indeawours ; 
which though they ſhall prove no other way conſiderable.yet, I hope, they 
may be in ſome meaſure uſeful to the main” Deſign of a retormation 
in Philoſophy, if it be only by ſhewing, that there is not ſo much requir'd 
towards it,any ſtrength of Imagination,or exafneſs of Method,or depth 
of Contemplation(though the addition of theſe,where they can be had, 
muſt needs produce a much more perfeft compoſure)as a ſincere Hand, 
and a faithful Eye, to examine, and to record, the things themſelves 


as they appear. 
And 
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' And I beg my Reader, to let me take the boldneſs to afſute him; 
that in this preſent condition of knowledge , a mim: fo qualified. as I 
have indeawoured to be, only with reſolution, and integtity, and plain 
intentions of imploying his Senles aright may venture to compare the re- 
ality and the uſefulneſs of his ſervices, towards the true Philoſophy, with 
thoſe of other men, that are of much ſtronger,and mire acute ſpecula- 
tions.that ſhall not make uſe of the ſame method by-the Senſes, 

The truth is, the Science of Nature has been already too long made 
only a work. of the Brain and the Fancy : It is naw: high time that it 
ſhould return to the plainneſs and ſoundneſs of Obſervations on ma- 
terial and obvious things. It is ſaid of. great Empires, That the beſt ' 
way to preſerve them from decay, 1sto bring them back to the 
firſt Principles, and Arts, on which they did begin. The ſame 
is undoubtedly true in Philoſophy,that by wandring far away into inyi- 
fible Notions,þas almoſt quite deftroy'd it ſelf, and-it can never be re- 
covered, or continued, but by returning into the fave ſenſible paths, 
in which it did at firſt proceed. 

Ff therefore the Reader expetts \from me any: infallible Deduftions 


or certainty of Axioms, 1 am to ſay for 'my ſelf,; that thoſe fironger 
Works of Wit and Imagination are'above my weak; Abilities ;\. or if 


they had not been ſo," I would not þave made uſe of them in this pre- 
þ ſent Subject before me : Whereever \be finds that I have wenturd at 
any ſmall Conjefures, at the cauſes: of the things that I have obſerved, 
Thefeech him to look. upon them only asdoubttul-Problems,and uncer- 
rain ghefles, and not a5 unqueſtionable Concluſtons,. or matters of un- 
corifutable Science ;, :Ihave produced nothing here, -with intent to bind 
bro underſtanding to'an implicit conſent ; 1 am;ſo'far from that, that 
I deſire him, not abſolutely to rely upon theſe Obſervations \of my eyes, 
if be finds them contradifted by the future Ocular Experiments f ſo- 
ber and impartial Diſcoverers. «. 

As for my patty 'T have obtained my end, if theſe my ſmall Jabs 
{Þull'bz thought fit to take up ' ſome'place inthe large ſlock-of natural 
Obſervations, which o' many hands are bufie in providing. | If -Thave 
comribited the meaneſt foundations whereon others may taiſe nobler 
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Tam aburidanth ſatiofied ; and all my ambition is, 
' thn Linay ſerve to the. great Philoſophers of this Age , as the makers 
#d the prinders of my Glaſſes did tome ; that I mayprepare and fur- 
mſh them with ſorne i dnle-on which they may afterwards order and 
manage with better 5kill, and to far greater advantage. 

The tiext remedies in this wntverfal cure of the Mind are to be ap- 
plyed to the Memory, and they are to conſiſt of ſuch Direfiions as may 
biform ws, what things are beſt to be ſtor'd up for our purpoſe, and 
_— tthe beft.way of fo diſpoting thern, that they may not only be 
,b17 rtatly and conventent.to be at any time produc'd for 
aſe, as prious” fhall require. Bat I will not here prevent my ſelf in 
what I may ſay in another Diſcourſe , wherein I ſhall make an at- 
tehpt t propoſe forme Conſiderations of the manner of compiling a Na- 
tural and- anificial Hiſtory, and of ſo ranging and regiſtring its 
Parthulars into Fhilofaphital Tables, as may make them moſt uſeful 
for the raifing of Axiotns and Theories, 

The laſt indeed is the moſt hazardous Enterprize, and yet the moſt 
neceflary's and tbat in, to take fach care that the Judgment and the 
Reaſon of Man ( whith is the third Faculty to be repair d and im- 
prov'd:Y ſhould receive ſuch afſifiance, as to avoid the dangers to 
whith i 53 by nature moſt ſubjefi. . The Imperfedtions, which Thaw al- 

Peady mation id, to which i is lyable, do either belong to the extent, 
ofthe goodneſs of its knowledge ; and here the difficulty is the grea- 
ter, Jenft vhat which muy be thought a remedy for the one ſhould 
e deftruttive to the other, leaft by ſeeking to inlarge our Finow- 

;8- fhould render it weak and uncertain; and leaſt by being 
foo '[enpubons andl exab3 abont every Circumſtance of it, we 'ſbould 
enfrEwn/ firelphrmn'it twomach,. 

' Þh *howh theſe the michle wayes' are to be taken, nothing 3s to be 
omitted, and yet every thing to paſ9 a .mature deliberation : No 
Incelliddce from Man of all Prifeſſions, and quarters of the World, 
bs le ſlighted, andyer. vl} to beſo ſeverdly cxamin'd,tbot there remain 
20 wor \for donbt or - inflability ; much rigour in admitting, much 


—— comparing ud above all, much ſlowneſs in debating, and 
ſhyneſs 
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The Pxeract. 
ſhyneſs in determining, is to be prafliſed. The Underſtanding is ts 
order all the inferiour ſervices of the lower Faculties; but yet it is to 
do this only as a lawful Maſter, and not as a Tyrant, ht muſt not in- 
croach upon their Offices, nor take upon it ſelf the employments which 
belong to either of them. It muſt watch the irregularities of the Sen- 
ſes, but it muſt not go before them, or prevent their information. [t 
muſt examine, range, and diſpoſe of the bank. which is laid up in the 
Memory *, but it muſt be ſure to make diſtinion between the ſober and 
well colle&ed heap, and the extravagant Idea's, and miſtaken 
Images , which there it may ſometimes light upon. So many are the 
links.,zpon which the true Philoſophy depends, of which,jf any one be loole, 
or weak ,, the whole chain is in danger of being difſoly'd ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reaſon ; nor is it to flop there, but tocome about 
to the Hands and Eyes again, and ſo, by a continual paflage round 
from one Faculty to another , it is to be maintained in life and ſtrength, 
as much as the body of man is by the circulation of the blood through the 
ſeveral parts of the body, the Arms, the Fat, the Lungs, the Heart, and the 
Head, 

F once this method were followed with diligence and attention, there is 
nothing that lyes within the power of human Wit (or which 5s far more 
effeflual ) of human Induſtry, which we might not compaſs ; me might 
not only hope for Inventions to equalize thoſe of Copernicus, 'Galileo, 
Gilbert Harvy, and of others, whoſe Names are almoſt loſt, that werethe 
Iroentors of Gun-powder. the Seamans Compals, Printing, Etching, 
Graving, Microſcopes, &c. but multitudes that may far exceed them : 
for even thoſe diſcoveries ſeem to have been the produfis of (ame ſuch me- 
thod, though but imperfefi ; What may not be therefore expetied from it if 


- thoroughly proſecuted ? Talking and contention of Arguments wwld 


ſoon'be tur dimo labours ; all the fine dreams of Opinions, and wni- 
verſal metaphyſical natures, which the Jrxary of fubitil Brains bas de- 
wis'd, would quickly vaniſh, and giveplace to ſolid Hiſtories, Experi- 
ments and Works, And ar at firſt, mankind tell by taſting of the 
forbidden Tree of Knowledge,fo we, their Poſterity, may be inpart reſtor'd 

by 
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by the ſame way, not only by beholding and contemplating, but by ta- 
ſting too thoſe fruits of Natural knowledge, that were never yet forbidden. 

- From hence the World may be aſſiſted with variety of Inventions, new 
matter for Sciences may be colle&ed, the old improv'd, and their ruſt 
rubb'd away; and as it #4 by the benefit of Senſes that we receive all our 
Skill in the works of Nature,ſo they alſo may be wonderfully benefited by 
it, and maybe guided to an eaſter and more exadt performance of their 
Offices ; *tis not unlikely, but that we may find out wherein our Senſes are 
deficient, and as eaſily find wayes of repairing them. 

The Indeawours of Skilful men have been moſt converſant about the 
aſſeſtance of the Eye, and many noble Produftions have followed upon it ; 
and from hence we may conclude, that there is a way open'd for advencing 
the operations, not only of all the other Senſes,but even of the Eye it ſelf:that 
which has been already done ought not to content us,but rather to incourage 
us to proceed further, and to attempt greater things in the ſame and diffe- 
rent wayes. 

'Trs not unlikely, but that there may be yet invented ſeveral other 
helps for the eye,as much exceeding thoſe already found,as thoſe do the bare 
eyeſuch as by which we may perhaps be able to diſcover living Creatures in 
the Moon, or other Planets, the figures of the compounding Particles of 
matter, and the particular Schematiſms and Textures of Bodies. 

And as Glafſes bave highly promoted our ſeeing, ſo 'tis not improba- 
ble,but that there may be found many Mechanical Inventions to improve 
our other Senſes, of hearing, {melling, taſting, touching. *7znot 

tble to hear a whiſper a furlongs diſtance, it having been already 
dene; and perhaps the nature of the thing would not make it more im- 
poſeble, though that furlong ſhould be ten times multiply d. And though 
fome famous Authors have affirm'd it impoſſible to hear through the thin- 
neſt plate of Muſcovy-glaſs ; yet Iknow a way.by which tis edſie enough 
to hear one ſpeak, through a wall a yard thick. . It has not been. yet 
thoroughly examin' d,how far Otocoulticons may be improv'd; nor what 
other wayes there may be of quickning our bearing, or conveying ſound 
through other bodies then the Air: for that that 3s not the only.mnedium, 
[ can aſſure the Reader, that I have.by the help of a diſtended wire,propa- 
- gated 
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gated the fund to a very conſiderable diſtance inr art infant, - or with as 
ſeemingly quick, a motion as that of light, at taft, incomparabhy faifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a ſtraight line , & direfa, but 67 ne bed in mary 
angles. 

rs are the other three fa perfef, but that digreide; attention, ond 
many mechanical contrivances, may alſo highly nnprovethem. For 
fence the ſenſe of fmelfing ſeems tbe made by the fwitt patiage of the 
Air ( impregnated with the fteams and etftuvia of ſeveral otorous 
Bodies ) through the grifty meanders of the Noſe whofe ſurfaces are 
cover'd with a wery fenſible nerve , and moiſtned by a tranſuda- 
tion from the proceflus mamillares of the Brain , and fome ad- 
joning glandules, and by the moiſt ſtearn of the Lungs, with a Liquor 
convenient for the reception of thofe effluvia and by the adbefion and 
mixing of thoſe fleams with that liquor,and thereby affebiing the nerve, or 
perhaps by inſnuating themſelves into the juices of the brain, after the 
fame manner, as I bawe in the following Obſervations intimated, the parts 
of Salt to paſs through the skins of Effs, and F rops. Since, I fay, fnelling 
ſeems to be made by ſome ſuch way, tis not i aprobable, but that fomte con- 
trtyance, for making apgreat quantity of Atr paſs QUICK, tbr aughthe Nee, 
might as much promote the ſenſe of ſmelling, as the any wayes hindring that 

paſſage does dull and deſtroy it. Sree] tryals I have made , both of 
hindring and promoting this ſenſe,and have ſucceeded mm ſore according to 
expeflation ; and indeed to me it ſeems capable of being improv d,. for the 
judging of the conſtitutions of many Bodtes. Perhaps we may thereby 
alſo judge ( 44 other Creatures ſeent to do) what is wholfome,what poyſon 5 
and'in a word, what are the ſpecifick; properties of Badles. 

There may be alſo fome other mechanical wayes found om , of fenhbly 
perceiving the effluvia of Bodies ;, ſeveral Inſtances of which, were it here 
proper, Fcould give of Mineral fleams and exbalations ; and it ſeems nat 
impoſſuble, but that by ſome ſuch wayes improved, may bed) ſeovered, what 
Minerals lye buried under the Earth, without the trouble to dig for them ; 
ſors things to confirm this ConjeAure may be found int Agricola, arid other 
Writers of Miner als; ſpeaking of the Vegtobles that are aft 10 thrive, of 
pine, in thoſe ſteams, Whether 
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Whether alfo thoſe fteams, which ſeem to iſſue out of the Earth, and 
mix with the Air ( and ſo to precipitate ſome aqueous Exbalations where- 
with "tis impregnated ) may not be by ſome way detefted before they produce 
the effeft, ſeems hard to determine ; yet ſomething of this kind Iam able to 
diſcover by an Inflrument I contriv'd to ſhew all the minute variations in 
thepreſſure of the Air ; by which I conſtantly findthat before , and during 
the time of rainy weather, the preſſure of the Air 3s leſs, andin dry wea- 
ther , but eſpecially when an Eaſtern Wind ( which having paſt over 
vaſt trafis of Land is heauy with Earthy Particles ) blows, it 13 much 
more, though theſe changes are varied according to very odd Laws. 


The Inſtrument is this, I prepare a pretty capaceous Bolt-head AB, with 
a ſmall ſtem about two foot _ a half long D C; upon the end of this D 

T put on a ſmall bended Glaſs,or brazen Syphon DEF {( open at D, E and F, 

but to be cloſed with cement at F and E, as occafion ſerves) whoſe ſtem F 

ſhould be about fix or eight inches long, but the bore of it not above half an 

inch diameter,and very even ; thefe I fix very ſtrongly together by the help 
of very hard Cement, and then fit the whole Glaſs ABCDEF into a long 

Board,or Frame,in ſuch manner,that almoſt half the head A B may lye buri- 

ed in a concave Hemiſphere cut into the Board RS; then Iplaceit ſoon 

the Board RS, asis expreſt inthe firſt Figure of the firſt Scheme 3 and fix 

it very firm and ſteady in that poſture, fo as that the non of the Mercury 
that is afterwards to be put into it,may not inthe leaſt ſhake or ſtir it 3 then 

drawing a line X Y on the FrameR T, fo that it may divide the ball into 
two equal parts, or that it may paſs, as 'twere, through the center of the 

ball. 1 begin from that, and divide all the reſt of the Board towards U T 
anto inches. and the inches between the 25 and the end E(which need not be 
above two or three and thirty inches diſtant from the line X Y) I ſubdivide 

into Decimalsz then ſtopping the end F with ſoft Cement,or foft Wax, I in- 
vert the Frame, placing 5 im downwards, and the Orifice E upwards ; 
and by it, with a ſmall Funnel, I fill the whole Glaſs with Quickſilver ; then 
by ſtopping the ſmall Orifice E with my finger, I oftentimes erect and invert 
the whole Glaſs and Frame,and thereby free the Quickſilver and Glaſs from 
all the bubbles or parcels of lurking Air ; then inverting it as before,[ fill it 
top full with clear and well ſtrain'd Quickfilver, and having made ready a 
ſmall ball of pretty hard Cement, by heat made very ſoft, I preſs it into the 
hole E, and thereby ſtop it very faſt ;- and to ſecure this Cement from flying 
out afterward,l bind over it a piece of Leather, that is ſpread over inthe jn- 
fide: with Cement, and wound about it whilſt the Cement is hot: Having 
thus faſtned it; lgently erect again the Glaſs after this manner : I firſt let the 
Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon- 
tal ; and then in that edging poſture raiſe the end RS; this I do, that if 
there chance to be any Air hidden in the ſmall Pipe E, it may aſcend into the 
Pipe F, and not into the Pipe D C : Having thus erefted it, and hung it by 
the hole Q, or fixt it perpendicularly by any other means, I open the end F, 
| and 
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and by a ſmall Syphex I draw out the Mercary fo long,till I find the furface of 
it AB in the head totouch exaGly the line X Y; at which time I immedi- 
ately rake away the Syphon, and if by chance it be run ſomewhat below 
the-line X Y, by pouring in gently a little Mercary at F, Traiſe it again to 
its deſired height , by this contrivance I make all the ſenſible rifing and fal- 
ling of the Mercury to be viſible inthe ſurface of the Mercury 1n the Pipe F, 
mY. ſcarce any in the head A B. But becauſe there really is ſome ſmall 
change of the upper ſurface alſo, I find by ſeveral Obſervations how much 
it riſes in the Ball, and falls in the Pipe F, to make the diſtance between the 
1wo ſurfaces an inch greater then it was before 3 and the meafure that it 
falls in the Pipe is the length of the inch by which am to-mark the parts of 
the Tube F, orthe Board on which it lyes, into inches and Decimals : Has 
ving thus juſtned and divided it, I have a large Wheel MN OP, whoſe 
outmolt limb is divided into two hundred equal parts; this by certain ſmall 
Pillars 1s fixt on the Frame RT, inthe manner expreſt in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a ſmall 
Cylinder, whoſe circumference 1s equal to twice the length of one of thoſe 
diviſions, which T find anſwer toan inch of aſcent, or deſcent, of Mercury : 
This Cylinder I,1s movable on a very\ſmall Necdle , on the end of which is 
fixt a very light Index K L, all which are fo pois'd on the Axis. or Needle, 
that no part 1s heavier then another : Then about this Cylinder is wound a 
{mall Clew of Silk, with two ſmall ſteel Bullets at each end of it G H; one 
of theſe, which is ſomewhat the heavier, ought to be ſo big, as freely tq 
move to and fro inthe PipeF; by meansof which contrivance , every the 
lea(t variation of the height of the Mercury will be made exceeding vilible 
by the motion to and fro of the ſmall Index K L. 


But this is but one way of diſcovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many others,witneſs the Hygroſcope, 
an Inſtrument whereby the watery ſteams volatile in the Air are diſcerned, 
which the Noſe it ſelf is not able to find. This I have deſcrib'd in the 
following Tra in the Deſcription of the Beard of a wild Oat. Others there 
are,may be diſcovered both by the Noſe , and by other wayes alſo. Thus 
the ſmoak of burning Wood zs ſmelt, ſeen, and ſufficiently telt by the 
eyes : The fumes of burning Brimſtone are ſmelt and diſcovered alſo 
by the deſtroying the Colours of Bodies , as by the whitening of a red 
Roſe + And who: knows, but that the Induſtry of man, following this me- 
zhod,may find out wayes of improving this ſenſe to as great a degree of per- 

'Tis not improbable alſo,but that our taſte may.be very much improv'd, 
either by preparing our taſt for the Body, as, after. eating bitter things, 
Wine.,or other Vinous liquors, are more ſenſibly taſted ; or elſe by pre- 


paring 
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paring Bodies for our taft ; as the diſſolving of Metals with acid Liquors, 
make them taſtable, whith were before altogether inſipid ; thus Lead be- 
comes (weeter then Sugar, and Silver more bitter then Gall, Copper 
and Iron of moſt loathſome tafts. And indeed the buſineſs of this ſenſe 
being to diſcover the preſence of diſſolved Bodies in Liquors put on the 
Tonguegr in general to diſcover that a fluid body has ſome ſolid body difſolv'd 
in it, and what they are; whatever contrivance makes this diſcovery 
improves this ſenſe. In this kind the mixtures of Chymical Liquors af- 
ford many Inſtances ; as the ſmeet Vinegar that is impregnated with 
Lead may be difcovered tobe ſo by the affuſion of a little of an Alcalizate 
ſolution : The bitter liquor of Aqua fortis and Silver may be diſcover d 
to be charg'd with that Metal, by laying in it ſome plates of Copper - 
'Tis not improbable alſo,but there may be multitudes of other wayes of diſco- 
vering the parts diſſolo'd, or diſſoluble in liquors ; and what is this diſco- 
wery but a kindof ſecundary taſting. 


7s not improbable alſo,but that the ſenſe of feeling may be highly im- | 


-prov'd, for that being a ſenſe that judges of the more grols and robuſt 
motions of the Particles of Bodies, ſeems capable of being improv'd and 
aſſiſted very many wayes. Thus for the diſtinguiſhing of Heat and Cold,the 
Weather-glaſs and Thermometer, which Thave drferib'd in this follow- 
ing Treatiſe, do exceedingly perfei it ; by each of which the leaſt varia- 
tions of heat or cold, which the hoſt Acute ſenſe is not able to diſtinguiſh, are 
manifeſied This is oftentimes further promoted alſo by the help of Barn- 
ing-glalles,and the like, which collef? and unite the radiating heat. "Thus 
the roughneſs and ſmoothneſs of a Body-is made much more ſeriſible by 
the help of @ Microſcope, then by the moft tender and delicare” Hind, 
Perhaps. a Phyſitian might, by ſeveral other tangible proprieties,\difcover 
tbe conſtitution of a Body as well 2s by the Pulſe, 1 do but inſtante in 
+heſe.to ſhew what poſſibility there may be of many others, and what. proba- 
bility and hopes there were of finding them.if this method were folluwed'; 
for the Offices of the frue Senſes being to detefi either the ſubtil andeurt- 
ous Motionspropagated through all pellucid or perfefily homogeneous 
Bodies; "Or the moregroſs and vibrative Pulſe communicated 'throuph 
the Air and all other convenient mediunas.,whether fluid or ſolid > Orthe 
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The Prteracr. 
effluvia of Bodies diflolv'd in the Air ; Or the particles of bodies-dil- 
folv'd or diffoluble in Liquors, or the more quick and violent ſha= 
king motion of heat in all or any of theſe: whatſoever does any wayes pro- 
mote any of theſe kinds of criteria, does afford a way of improving ſome 
one ſenſe. An1 what a multitude of theſe would a diligent Man meet 
with in his inquiries * And this for the helping and promoting the ſenfi- = 
tive faculty only. F 

Next.as for the Memory, or retentive faculty, we may be ſaffuciently 
inftrufied from the written Hiſtories of civil ations, what great aſſi= 
ſtance may be afforded the Memory, in the committing to writing things ob= 
ſervable in natural operations. If a Phyſitian be therefore accounted the 
more able in his Faculty, becauſe he has had long experience and praflice, 
the remembrance of which, though perhaps very imperfeA, does regulate all 
his after ations : What ought to be thought of that man, that has not only 
a perfect regiſter of his own experience,but is grown old with the experience 
of many hundreds of years, and many thouſands of men. 

And though of late , men, beginning to be ſenſible of this convenience, 
have here and there regiſtred and printed ſome few Centuries, yet for the 
moſt part they are ſet down very lamely and imperfetily, and, I fear, many 
times not ſo truly, they ſeeming, ſeveral of them, to be deſign'd more for 
Oſtentation then publique uſe : For,not to inſtance;that they do,for the 
moſt part,omit thoſe Experiences they have made , wherein their Patients 
have miſcarried,jt is very eaſie to be perceiv d,that they do all along hyper- 
bolically extol their own Preſcriptions, and vilifie thoſe of others. Not- 
withſtanding all which, theſe kinds of Hiſtories are generally efteent d uſe- 
ful, even tothe ableſt Phyſatian. 

What may not be expefied from the rational or deduQtve Faculty 
that is furniſht with ſuch Materials, and thoſe ſo readily adapted, and 
rang'd for uſe,that in a moment, as "twere, thouſands of Inſtances, ſerving 
for theilluſtration,determination, or invention, of almoſt any inquiry, 
may be repreſented even to the ſight ? How neer the nature of Axioms: 
muſt all thoſe Propoſitions be which are examirid before fo many Wit= 
neffes ? And how difficult will it be for any, though never ſo ſubtil an er 
ror in Philoſophy, to ſcape from being diſcover'd, after i has indur'd the 


"touch, andſo many other tryals ? 4 What 
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What kind of mechanical way, and phyſical invention alſo is there re- 
quir'd, that might not this way be found out ? The Invention of a way to 
find the Longitude of places is eaſulyperform'd, and that to as great per- 


feftion as i3 deſir'd,, or to as great anaccuratenels as the Latitude of 


places can be found at Sea; and perhaps yet alſo to a greater certainty 
then that has been hitherto found, as I ſhall very ſpeedily freely manifeſt t 
the world The way of flying in the Air ſeems principally unprafiicable, 
by reaſon of the want of ſtrength in humane muſcles ; if therefore 
that could be ſuppli d,it were,I think., eaſie to make twenty contrivances to 
perform the office of Wings : What Attempts alſo I have made for the 
ſupplying that Defefi, and my ſucceſſes therein, which, Ithink., are wholly 
new,and not inconſiderable, I ſhall in another place relate. 

71s not unlikely alſo, but that Chymiſts, if they followed this method, 
might find out their ſo much ſought for Alkaheſt. What an univerſal 
Menſtruum , which diſſolves all forts of Sulphureous Bodies, Thave 
diſcover d ( which has not been before taken notice of as ſuch ) Thawe 

ſhewninthe ſnxteenth Obſervation. 

What a prodigious variety of Inventions in Anatomy has this latter 
Age afforded, even in our own Bodies,in the wery Heart, by which we live, 
and the Brain,which us the ſeat of our knowledpe of other things ? witneſs 
allthe excellent Works of Pecquer, Bartholinus, Billtus, and many 
others ; and at home, of Dofior Harvy,Doftor Ent, Doftor Willis, Dofor 
Gliflon. Celeſtial Obſervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians themſelves, whoſe valt Plains, 
high Towers,and clear Air, did not give them ſo great advantages over 
15, as we have over them by our Glaſles. By the help of which, they have 
been very much outdone by the famous Galileo, Hevelius, Zulichem ; 
and our own Countrymen, Mr. Rook, Doftor Wren, and the great Orna- 
ment of our Church and Nation,the Lord Biſhop of Exeter. And to ſay 
210 more in Aerial Diſcoveries, there has been a wonderful progreſs made 

by the Noble Engine of the molt Illuſtrious Mr. Boyle,whom it becomes 
me to mention with all honour, not only as my particular Patron,but as the 
Patron of Philoſophy it ſelf; which he every day increaſes by his La- 
bours, and adorns by his Example. 

The 
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The good ſucceſs of all theſe great Men,and many others, and the row 
ſeemingly great obvioul nels of moſt of their and divers other Inventions, 
which from the beginning of the world have been, as twere, trad on, and 
yet not minded till theſe laſt inquifitive Ages ( an Argument that there 
may be yet behind multitudes of the like ) puts me in mind to recommend 
ſuch $ tudies,and the proſecution of them by ſuch methods, to the Gentlemen 

of our Nation,whoſe leiſure makes them fit to undertake, and the plenty 
| of their fortunes toaccompliſh, extraordinary thingsin this way. And I 
| do not onlypropoſe this kind of Experimental Philoſophy as a matter of 
| high rapture and delight of the mind, but even as a material and ſenfi= 
ble Pleaſure So vaſt 3 the variety of Obje&ts which will come under 
their Inſpefions, ſo many different wayes there are of handling them, ſo 
great is the (arisfaCtion of finding out new things, that I dare compare 
the contentment which they will injoy,not only to that of contemplation, 
but even to that which moſt men prefer of the very Senſes themſelves. 

And if they will pleaſe to takg any incouragement from ſo mean 
and ſo imperfefi endeavours as mine, upon my own experience, I can 
aſſure them,without arrogance, That there has not been any inquiry or Pro- 
blem in Mechanicks, that I have hithertopropounded to my ſelf, but by a 
certain method ( which I may on ſome other opportunity explain ) I have 
been able preſently to examine the poſſubility of it ; and if ſo, as eaſily to ex- 
cogitate divers wayes of performing it : And indeed it is poſſble to do as 
much by this method in Mechanicks, as by Algebra can be perform'd in 
Geometry. Nor can I at all doubt, but that the ſame method is as ap- 
plicable to Phyſical Enquiries, and as likely to find and reap thence as 
plentiful a crop of Inventions ; and indeed there ſeems to be no ſubjeR ſo 
barren.but may with this good husbandry be highly improv'd. 

Toward the proſecution of this method in Phyfical Inquiries, I have 
bere and there gleaned up an handful of Obſervations, in the collefion of 
moſt of which I made uſe of Microſcopes, and ſome other Glaſſes and In- 
ſtruments that improve the ſenſe ; which way I have herein taken , not 
that there are not multitudes of uſeful and pleaſant Obſervables, yet uncol- 
lefted, obvious enough without the helps of Art , but only to promote the uſe 
of Mechanical helps for the Senſes.both in the ſurveying the already viſible 


World, 
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World, and for the diſcovery of many others hitherto unknown, and to make 
us with the great Canquteror,to be affetied that we have not yet overcome one 
World when there are ſo many others to be diſcovered, every conſiderable 
improvement of Teleſcopes or Microſcopes producing new Worlds and 
Terra-Incognita's to our view. 

T he Glaſſes I uſed were of our Englih make,but though very good of the 
kind, yet far ſhort of what might be expected, could we once find a way of 
making Glaſſes Elliptical, or of ſome more true ſhape ; for though both 
Microſcopes, and Teleſcopes, as they now are, will magnifie an Objeti 


about a thouſand thouſand times bigger then it appears to the naked eye; - 


yet the Apertures of the Objeci-glaſſes are ſo very ſmall that very few Rays 

are admitted, - and even of thoſe few there are ſo many falſe, that the Objeti 

appears dark and indiſtin@ : Andindeed theſe inconveniences are ſuch,as 

ſeem inſeparable from Spherical Glaſſes, even when moſt exatily made;but 

the way we have hitherto made uſe of for that purpoſe is o imperfeRt that?there 

may be perhaps ten wrought before one be made tolerably good, and moſt of 
thoſe ten perhaps every one differing in goodneſs one from another, which is 

an Argument,that the way hitherto uſed is,at leaſt,very uncertain. So that 

theſe Glaſſes have a double defect;the one,that very few of them are exaCily 

true wrought : the other, that even of thoſe that are beſt among them, none 

will admit a- ſufficient number of Rayes to magnifie the Obje& beyond a 

determinate. bigneſs. Againſt which Inconveniences the only Remedies I 
bave hitherto met with are theſe. 


Firſt, for Microſcepes ( where the Objett we view is near and within our 
power)the beſt way of making it appear bright in the Glafs,is to caſt a great 
quantity of light on it by means of convex glaſfes,tor thereby,though the aper- 
ture be very ſmall,yet there will throng in through it tuch multitudes,that an 
Obje& will by this means indure to be magnifi'd as much again as it would 
be without it. | The way for doing which is this. I make choice of ſome 
Room that has only. one window open to the South , and at about three or 
four foot Aiſtance om this Window,on a Table, I place my Aficreſcope, and 
then ſo place either a round Globe of Water, or a very deep clear plano con- 
vex Glaſs ( whoſe convex fide is turn'd towards the Window ) that there 
Is a great quantity of Rayes collected and thrown upon the Object : Or if 
the Sun ſhine, I place a fmall piece of oyly Paper very near the Object, be- 
tween that and the hght 3 then with a good large Burning-GlafsI fo collect 
and-throw the Rayes on the Paper,that there may be a very great quantity 
of light paſs through it to the Object ; yetI ſo proportion that light, that it 


may 
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may not finge or burn the Paper. Inftead of which Paper there may be 
made uſe of a ſmall piece of Looking-glaſs plate, one of whoſe ſides is made 
rough by bet _— a flat Tool with very fine ſand, this will, if the 
heat be leiſurely caſt on it, indure a much greater d of heat, and con- 
ſequently very much m__— a conventent light. By all which means the 
light of the Sun, or of a Window, maybe fo caſt on an ObjeR, asto makeit 
twice as light as it would otherwiſe be without it, and that without any in- 
convenience of glaring, which the immediate light of the Sun is very apt to 
create in moſt Objects; tor . by this means the light isſo equally diffuſed, 
that all parts are alike inlightned 3 but when the immedinto fight of the Sun 
falls on it, the reflexions from ſome few parts are fo vivid, that they drown 
the appearance of all the other, and are themſelves alſo, by reaſon of the in- 
equality of light, indiftinft, and appear only radiant ſpots. 

Rut becaule the light of the Sun, and alfo that of a Window, is in a conti- 
nual variation, and {o many Objects cannot be view'd long enough by them 
to be throughly examin'd ; beſides that, oftentimes the Dann. is ſo dark 
and cloudy, that for many dayes together nothing can be view'd : And be- 
cauſe alſo there are many Objects to be met with in the night, which cannot 
ſo conveniently be kept perhaps till the day, therefore to procure and caſt a 
ſufficient quantity of light on an ObjeCtin the night, I thought of, and often 
uſed this, Expedient. | . 

I procur'd me a ſmall Pedeſtal, ſuch as 1s defcrib'd inthe fifth Figure of 
the firſt Scheme on the ſmall Pillar A B, of which were two movable 


Armes CD, which by meansof the Screws E F, Icould fix in any part of 


the Pillar; on the nblerma of theſe 1 plac'd a-pretty large Globe of Glaſs 


G, fill'd with excecding clear Brine, ſtopt, inverted, and fixt in the manner 
viſible in the Figure 3 out of the fide of which Arm proceeded atother 
Arm H, with many joynts ; to the end of which was Fſined a deep plain 
Convex glaſs, which by means of this Arm could be moved to and fra, and 
fixt in any poſture. On the upper Arm was placed a ſmall Lamp K, which 
could be ſo mov'd upon the end of the Arm , as to be fer ina fit poſture to 
give light through the Ball : By means of this Inſtrument duly plac'd , asis 
as in the Figure, with the ſmall flame of a Lamp may be caſt as great 
and convenient a light on the Object as it wilt well indure;and being always 
conſtant, and to be had at any time. I found moſt proper for drawing the 
repreſentations of thoſe ſmall Objects I had occaſion to obſerve. _ 

None of all which ways (though much beyond any other hitherto made 
uſe of by any I know } do afford a ſufficient help, but after a certain 
degree of magnifying,they leave us again in the lurch. Henceit were ver 
deſirable, that ſome way were thought of for making the ObjeCt-glaſs of 
ſuch a Figure as would conveniently bear a large Aperture. 


As for Teleſcopes, the only improvement they ſeem capable of, 14 the 
mncreaſing of their length ; for the Objef being remote, there is no thought 
of giving it a greater light then it has ; and therefore to augment the 
Aperture, the Glaſs muſt be ground of a very lorge ſpheze.; for, by that 

E means. 


. 
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means.the longer the Glaſs be, the bigger aperture will it bear,jf the Glaſſes 
be of an equal goodneſs in their kind. Therefore a ſix will indure a 
much larger Aperture then a three foot Glaſs ;- and a ſixty foot Glaſs will 
proportionably bear a greater Aperture then a thirty,and will as much ex- 
cel it alſo as a ſix foot does a three foot, as I have experimentally obſeru/d 
in one of that length made by Mr. Richard Reives here at London, 
which will bear an Aperture above three inches over , and yet make 
the Objef proportionably big and diſtinfi ; whereas there are wery 
few thirty foot Glaſſes that will indure an Aperture of more then twoin- 
ches over. So that for Teleſcopes , ſuppoſing we had a wery ready way 
of making their Objeti Glaſſes of exaBily ſpherical Surfaces, we might, by 
increaſing the length of the Glaſs, magnifie the Object to any aſſignable big- 
neſs. And for performing both theſe, I cannot imagine any way more ea- 
ſie,and more exa&i, then by this following Engine.by means of which, any 
Glaſſes,of what length ſoever may be ſpeedily made.It ſeems the moſt eaſie, 
becauſe with one and the ſame Tool may be with care ground an Objef 
Glaſs, of any length or breadth requiſite, and that with very little or no 
trouble in fitting the Engine , and without much skill in the Grinder.. 
It ſeems to be the moſt exabi , for to the wery laſt ſtroke the Glajs does 
regulate and refifie the Tool to its exat Figure ; andthe longer or more 
the Tool and Glaſs are wrought together, the more exa6t will both of them 
be of the deſir'd Figure. Further, the motions of the Glaſs and Tool ds 
ſo croſs each other , that there is not one point of eithers Surface,but has 
thouſands of croſs motions thwarting it , ſo that there can be no kindof 
Rings or Gutters made either in the Tool or Glaſs, 


The contrivance of the Engine is, only to make the ends of two large 
Mandrils jo tomove , that the Centers of them may be at any convenient 
diſtance aſunder, and that the Axis of the Mandrils lying both in the ſame 
plain produc'd, may meet each other in any aflignable Angle ; both which 
requilites may be _ well perform'd by the Engine deſcrib'd in the third 
Figure of the firſt Scheme : where A B lignitics the Peam of a Lath fixt per- 
pendicularly or Horizontally, C D the two Poppet heads, fixt at abovit wwo 
foot diſtance, EF an Iron Mardril,whoſe tapering neck F.runs in an adapt- 
ed tapering braſs Collar; the other end Eruns on the point of a Screw G3; 
ina convenient place of this is faſtned H a pully Wheel, and into the end of 
it,that comes through the Poppet head C, is ſcrewed a Ring of a hollow 


Cylinder K, or ſome other conveniently ſhap'd Too], of what wideneſs ſhall 
be 
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be thought moſt proper for the cize of Glaſſes , about which itis to be ini- 
ploy'd : As, for Object glaſſes, between twelve foot and an hundred foot 
long , the Ring may be about ſrx inches ovet, or indeed ſomewhat 
more for thoſe longer Glaſſes. -It- would be convenient alſo, and not 
very chargeable, to have. four or five ſeveral Tools; as one for all Glaſſes 
between an inchand a foot, one for all Glaſſes between a foot and ten foot 
long, another for all between ten and an hundred;a fourth for all between a 
hundred and a thouſand foot long 3: and if Curioſity ſhall eyer proceed ſo 
far,onefor all lengths between a thouſand and ten thouſand foot long ; for 
indeed the principle is ſuch,that ſuppoſing the A7ardrils well made,and of a 
good length, and ſuppoſing great carebe uſed-in working and poliſhing 
them,l ſee no reaſon, but that a Glaſs of a thouſand,nay of ten thouſand foot 
long, may be as well made as one of ten; forthe reaſon is the ſarne,ſuppoſing 
the Mandrils and Tools be made ſufficiently ſtrong, ſo that they cannot 
bend; and ſappoling the Glaſs, out of which they are wrought, be capable 
of ſo great a regularity in its parts as to refraction : this hollow Cylinder K. 
is to contain the Sand, and by being droye round very quick to and fro by 
means of a ſmall Wheel,which may be moy'd with ones foot, ſerves to grind 
the Glaſs : The other Mardril 1s ſhap'd like this, but it hasan even neck in- 
ſtead of a taper one,and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be {till adjuſtned to the wearing or 
waſting neck : intothe end of this Mandril is ſcrewed a Chock N, on which 
with Cement or Glew is faſtned the piece of Glaſs Q_ that isto be form'd ; 
the middle of which Glaſs is to be plac'd juſt onthe edge of the Ring, and 
theLath OP is to beſet and fixt (by means of certain pieces and cam 
the manner whereof will be ſufficiently evidenc'd by the F 'gure ) in ſuch 
an Angle asis requiſite to the forming of ſucha Sphere as the Glaſs is de- 
ſign'd tobe of z the geometrical ground of which being ſufficiently plain, 
though not heeded before, I ſhall, for brevities ſake, paſs over. This laſt 
Mandrilis to be made ( by means of the former, or ſome other Wheel ) to 
run round very ſwift alſo, by which two croſs motions the Glaſs cannot 
chuſe (if care be usd ) but be wrought into a moſt exaftly ſpherical 
Surface, 


But becauſe we are certain, from the Laws of refra&tion ( which I 
I have experimentally found to be ſo,by an Inſtrument I ſhall preſently de- 
ſcribe ) that thelines of the angles of Incidence are proportio- 
nate tothe lines of the angles of RefraQtion, therefore if Glaſſes could 
be made of thoſe kind of Figures, or ſome other, ſuch as the moſt incompa- 
rable Des Cartes has invented, and demonſirated in his Philoſophical and 
Mathematical Works,we might hope for a much greater perfeftion of Opticks 
then can be rationally expefted from ſpherical ones; for though,cteris pa- 
ribus, we find, that the larger the Teleſcope 0bjefi Glaſſes are, and the 
ſhorter thoſe of the Microſcope, the better they magnifie, yet both of them, 
beſide 
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beſids fuch determinate dimenſions , are by certain inconveniences rendred 
unuſeful ; for it will be exceeding difficult to make and manage a Tube 
above an hundred foot long, and it will be as difficult to inlighten an 
Objeft leſs then an hundred part of an inch diſtant from the Objeti Glaſs. 

Thawe not as yet made any attempts of that kind, though I know two or 
three wayes, which, as far as I have yet conſidered, ſeem wery probable,and 
may invite me to make a tryal as ſoon as Thave an opportunity, of which I 
may hereafter perhaps acquaint the world. Inthe Interim, I ſhall deſcribe 
the Inflrument Teven now mention'd, by which the refraQtion of all kinds 
of Liquors may be moſt exatily meaſur'd, thereby to give the curious an 
opportunity of making what further tryals of that kind they ſhall think 
requiſite to any of their intended tryals ; and to let them ſee that the laws 


of Refraction are not only notional. 


The Iſtrument conſiſted of five Rulers , or long pieces placed together, 
after the manner expreſt in the ſecond Figure of the firſt Scheme, where 
AB denotes a ſtraight piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the back fide of 
which was hung a ſmall plummet by a line ftretchte from top to bottom, by 
which this piece was ſet exaCtly upright,and fo very firmly bar z.in the mid- 
dle of this was made a hole or center, into which one end of aHollow Cy» 
tlindrical braſs Box CC, faſhion'd asIſhall by and by deſcribe , was plac'd, 
and could very eafily and truly be mov'd to and fro ; theother end of this 
Box being put into, and moving in, a hole made in a ſmall arm DD; into 
this box was faſtned the long Ruler EF, about three foot and three or four 
inches long, and at three foot from the above mention'd Centers P Þ was 
a hole E, cut through, and croſs'd with two ſmall threads, and at the end of 
it was fixt a ſmall fight G, and on the back (ide of it was fixt a ſmall Arm H, 
with a Screw to fix 1t in any place on the Ruler LM; this Ruler LM was 
mov'd on the Center B (which was exaCtly three foot diſtance from the 
middle Center P ) and a line drawn through the middle of it LM, was 
divided by a Line of cords into ſome f{ixty degrees,and each degree was ſub- 
divided into minutes, fo that wares bn croſs of the threads in E upon an 
part of this divided line, I prefently knew what Angle the two Rules A 
and EF made with each other, and by turning the Screw in H, I could fix 
them in any poſition. The other Ruler alſo RS was made much after the 

me manner, only it was not fixt to the hollow cylindrical Box, but,by means 
of two ſmall braſs Armes or Ears, it mov'd on the Centers of it ; this alſo, 
by meats of the croſs threads in the hole S, and by a Screw in K, could be 
faſtned on any diviſion of another line of cords of the ſame radius drawn on 
NO. And fo by that means, the Angle made by the two Rulers, AB and 
RS, was alſo known. The Brafs box CC in the middle was ſhap'd very 
much like the Figure X, that is, it was a cylindrical Box ſtopp'd cloſe at e1- 
ther end,off of which a part both of the ſides and bottomes was cut out, fo 
that 
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that the. Box, when the Pipe and that was joyned to it, would contain'the 
Water when fill'd half full, and would likewiſe,” without running over, in- 
dureto be inclin'd to ah Angle , equal to that of the greateſt retrafftionof 
Water, and no more,without running over. The RulerE F wasfixt yery faſt 
to the-Pipe V, ſothat the Pipe V direfted the length of the RulerE F, and 
the Box and Ruler were mov'd on the Pin TT, fo as to tnake atiy deſfi- 
rable Angle with the Ruler AB. The bottom of this Pipe V was ſtop'd 
with a ſmall piece of exactly plain Glaſs , which, was plac'd exactly per- 
pendicular to the Line of direCtion, or Axis of the Ruler EF. , The Pins 
alſo T T were drill d with ſmall holes through the Axis,and through thoſe 
holes was ſtretcht and faſtned a ſmall Wire. There was likewiſe a ſmall 
Pipe of Tin loofly put on upon the end of V, and reaching downto the 
fight G; the uſeof which was only to keep any falſe Rayes of light from 
paſſing through the bottom of V, and only admitting ſuch to paſs as pier; 
ced through the fight G: All things being placed together in the manner 
deſcrib'd in the Figure ; that is, the Ruler AB being fixt perpendicular, I 
fill'd the Box C C with Water, or any other Liquor, whoſe refraCctionT in- 
tended to try , till the Wire paſſing through the middle of it were juſt co- 
vered : then moved and fixt the Ruler F E at any aſtignable Angle, and 
placed the flame of a Candle juſt againſt the fight G 3 and looking through 
the ſight I, I moved the Ruler RS to and tro, till I perceived the light paſ- 
ſing through G to be covered, as 'twere, or divided by the dark Wire paſ-, 
ſing through PP: then turning the Screw 10 K, I fixt it in that poſture; 
And through the hole S, Iobſcrved what degree and part of it was cut by 
the croſs threadsin S. And this gave me the Angle of Inclination, APS 
anſwering to the Angle of Refradtion BPE : forthe ſurface of the Liquor 
in the Box will be alwayes horizontal , and conſequently AB will be a 
perpendicular to-itz the Angle therefore APS will meaſure, or be the 
Angle of Inclination in the Liquor 3 next E P B muſt be the Angle of Re- 
fraction,for the Ray that paſſes throughthe ſight G, paſles alſo perpendicu- 
larly through the Glaſs Diaptragme at F, and conſequently allo perpendi; 
cularly through the lower ſurface of the Liquor contiguous to the Glaſs, and 
therefore ſuffersno retraction till it meet with the horizontal ſurtace of the 
Liquor in C C, whichis determined by the two Angles. oy 


By means of this Inſtrument I can with\ittle trouble, and a very 
ſmall quantity of any Liquor, examine, moſt accurately, the refra&ion 
of it ., not only for one inclination, but for all; and thereby am inabled 
to make wery accurate Tables; ſeveral of which Thave alſo experimentally 
made,and find, that Oyl of Turpentine has a much greater Refrafiion 
then Spirit of Wine, though it be lighter ; - and that Spirit: of Wine 
has a greater Refraftion then Water, though it be lighter alſo ; but thit 


falt Water alſo has agreater Refraftion then freſh, thoughitbe heaviaria 


but Allum water has a leſs refraftion then common Water, though hey 
wvier alſo.So that it ſeems,as to the refraftion made in a Liqu or, the ſpe Ge 


f fick | 
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fick gravity #4 of n0 efficacy.By this I have alſo found,zhat look what pro- 
portion the Sine of the Angle of one Inclination has to the Sine of the 
Angle of Refraftion, correſpondent to it, the ſame proportion have all 
zbe Sines of other Inclinations to the Sines of their appropriate Refrafiions. 


My way for meaſuring how much a Glaſs magnihes an ObjeQt, plac'd at a 
convenient diſtance from my eye,is this. Having rectih'd the Aficroſcope, to 
ſee the defir'd Objet through it very diſtinQly, at the ſame time that I look 
upon the Obje&t through the Glaſs with one eye, Ilook upon other Objects 
ar the fame diſtance with my other bare eye; by which meansI am able, 
oy help of a Rler divided into inches and ſmall parts, and laid on the 

edeſtal of the exr tr caſt.as it were, the magnifi'd appearance of the 
Object upon the Ruler,and RIOT exactly to meaſure the Diameter it ap- 
pears of through the Glaſs, which being compar'd with the Diameter it ap- 
pears of to the naked eye, will eafily afford the quantity of its magnify- 


ing. 
he Microſcope, which for the moſt part I made uſe of, was ſhap'd much 

like that in the fixth Figure of the firſt 8chexze, the Tube being for the moſt 
part not above fix or ſeven inches long,though, by reaſon it had four Draw- 
ers, it could very much be lengthened, as occafionrequired ; this was con- 
triv'd withrhree Glafles;a ſmall Objett Glafs at A,a thinner Eye Glaſs about 
B, and a very deep one about C: this I made uſe of only when I had oc- 
cafion to fee much of an Object at once; the middle Glaſs conveying a 
very great company of radiating Pencils, which would go another way, and 
throwing rhem upon the deep Eye Glaſs. But when ever I had occation to 
Exarnine the ſal! arts of a Body more accurately, I took out the middle 
Glaſs,and only made uſe of one Eye Glafs with the Obje& Glaſs, for always 
the fewer the Refractions are, the more bright and clear the ObjeEc appears. 
And therefore *tis not to be doubted , but could we make a Ahcroeope to 
have one only refraCtion, it would, ceteris paribus, far excel any other that 
had a greater number. And hence it is, that if you take a very clear piece 
of a broken Yerice Glaſs, and ina Latmp draw 1t out into very ſmall hatrs or 
threads, then holding the ends of thele threads in the flame, till they melt 
and run into aftnalbround Globnl, or drop,' which will: hang at the end of 
the thread; . and it further you ſtick ſeveral o theſeuponthe end of aiſtick 
with a little ſealing Wax, fo. as that the threa 
a Whetſtone firſt grind off 'a good patt of them, and afterward ona ſmooth 
Vfecal. plates. with a little Tripoly, xub thay till\rbey, come to be, ves 

nooth; if one bf theſe be fixt with a little foft Wax againſt a ſmall _—_ 
hole,prickd through a thin Plare of Braſs, Le4d, Pewter, or any other Me- 
el; «hd an Object, plac'd very near, be Jook'd at through it, it wilt both 
magnifie and, make fome'Objects more diſtinct then any ot the great 1/icro- 
ſeopes. Bht becauſe theſe, though exceeding Eafily made, are yet very trou- 
blefome t6 be us'd, becauſe of their fmalneſs,and the nearneſsof the Objett x 
therefore tb; prevent Þoth. theſe,, and yet have only two Retractions,  F pro» 


$ ſtand upwards, and then or 


vided ea Tube of Braſs, ſhap'd much like that in the fourth Figure of the 
firft'#cheme; "into the'fmaller ctd of 'this Ihr with Wax a good plans conc 
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vex Objet Glaſs,with the convex fide towards the Objet, and into the 
bigger end [I fixt alſo with wax a pretty large plano Convex Glaſs, with 
the comvex fide towards my eye, then by means of the ſmall hole 
by theſide, I fill'd the intermediate ſpace between theſe two Glaſles 
with very clear Water, and with a Screw (topp'd itin; then puttin 
ona Cell for the Eye, I could perceive an Obje& more bright then I coul 
when the hoanks; HA ſpace was only fill'd with Air,but this, for other in- 
conveniences, I made bur little uſe of. 

My way for fixing both the Glaſs and Object to the Pedeſtal moſt conve- 
niently was thus : Upon one fide of a round Pedeſtal A B, in the ſixth Fi- 
gure of the firſt Scheme,was fixt a fmall Pillar C C, on this was fitted a ſmall 
Iron Arto D, which could be mov'd up and down, and fixt in any part of the 
Pillar,by means of a ſmall Screw Ez onthe end of this Arm was a ſmall Ball 
fitted intoa kind of focket F, made in the (ide of the Bras Ring G, through 
which the ſmall end of the Tube was fcrew'd ; by means of which contri- 
vance I could place and fix the Tube in what poſture I defir'd ( which .for 
many Obſervations was exceeding neceſſary ) and adjuſten it moſt exa&tly 
to any Object. . 

For placing the Object,I made this contrivance z upon the end of a ſmall 
braſs Link or Staple H H, I ſofaftned a round Platel I, that it might be 
turn'd roihd upori its Cetiter K, and going pretty ſtiff, would ſtand 
fixt in any poſture it was fet 3 on the fhde of this was fixt a fmall Pillar P, 
about three quarters of an inch high, and through the top of this was thruſt 
a ſmall Iron pin M, whoſe top juſt ſtood over the Center of the Plate ; on 
this top I frxt a ſmall Obje(t, and by means of thefe contrivances I was able 
to turnit into all kind of poſitions, both to my Eye and the Lightz for by 
moving round the {mall Plate on1ts center, [ could move it one way, and by 
turning the Pin M, I could move it another way , and this without ſtirring 
the Glaſs at all , or at leaſt but yery little : the Plate likewiſe I could move 
to and fro to any part of the Pedeſtal ({ which in many caſes was very con- 
venient ) and fax it alſo m any Poſitioh, by meansof a Nut N, which was 
ſcrew'd on upon the Jower part of the Pillar CC. All the other Con- 
trivatces are obvious enough from the draught,and will need no deſcription 


Now though this were the Inſtrument I made moſt uſe of, yet 1 have 
made ſeveral other Tryals with other kinds of Microſcopes, which both 
for matter and form were very different from common ſpherical Glaſſes. 


 Thave made a Microſcope with one piece of Glaſs, both whoſe ſurfaces 


were plains. 1 haw made another only with a plano concave, without 
any kind of reflefiion, divers alſo by means of reflettion. Ihaze made 
others of Waters, Gums, Refins, Salts, Arſenick, Oyts, and with 
divers other mixtures of watery and oyly Liquors. And indeed the 
ſubje&i 35 capable of a great variety ;" but 1 find generally none more afe- 
ful then that which 13. made with two Glaſles, ſuch as I have already de- 
ſerib'd, What 
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What the things are I obſerv'd, the following deſcriptions will manifeſt ; 
in brief, they were either exceeding {mall Bodies, or exceeding ſmall 
Pores, or exceeding {mall Motions, ſome of each of which the Reader 
will find in the following Notes,and ſuch, as Ipreſume, ( many of them 
at leaſt) will be new, and perhaps not leſs ſtrange : Some ſpecimen of 
each of which Heads the Reader will find in the ſubſequent delineations; 
and indeed of ſome more then I was willing there ſhould be; which was 
occaſioned by my firſt Intentions to print a much greater number then I 
have ſince found time to compleat. Of ſuch therefore as Thad, I ſele&- 
ed only ſome few of every Head, which for ſome particulars feem'd moſt ob- 
ſervable, rejeAing the reſt as ſuperfluous to the preſent Deſign. 

What each of the delineated Subjefis are,the following deſcriptions an- 
next to each will inform,of which I ſhall bere, only once for all, add, That 
in divers of them the Grawers have pretty well follow d my direftions and 
draughts ; and that in making of them, I indeawoured ( as far as Iwas 
able ) firſt to diſcover the true appearance , and next to make aplain re- 
preſentation of it. This I mention the rather , becauſe of theſe kind of 
Objefts there is much more difficulty to diſcover the true ſhape , then of 
thoſe wiſtble to the naked eye, the ſame Objeft ſeeming quite differing, in 
one poſition to the Light, from what it really is, and may be diſcover d 
in another. And therefore I never began to make any draught before by 
many examinations in ſeveral lights, and in ſeveral poſitions to thoſe 
lights, I had diſcover'd the true form. For it is exceeding difficult in 
ſome Objefis , to diſtinguiſh between a prominency and adepreſſion, 
between a ſhadow and a black ſtain, or a refle&ion and a whiteneſs. 
in the colour. Beſides, the tranſparency of moſt Objefts renders them 
yet much more difficult then if they were opacous. The Eyes of a Fly in 
one kind of light appear almoſt like a Lattice, drill-d through with abun- 
dance of ſmall holes ; which probably may be the Reaſon, why the Ingeni- 
ous Dr. Power ſeems to ſuppoſe them ſuch, In the Sunſhine they look. 
like a Surface cover d with golden Nails ; in another pofture,like a Sur- 
face cover'd with Pyramids ; in another with Cones; and in other po- 
ſures of quite other ſhapes ; but that which exhibits the beſt, 3s the Light 
colleied on the Obje&i, by thoſe means I have already deſcrib d.- 
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And this was undertaken in prafecution of the Deſign whith the, ROY 
AL..SOCIETY as propos d to'it ſelf. For.the Members of the Aſembly;ho- 
E ving before their eys ſo many fatal Inflances of the trrors and falſhaods,in whirb 
[+ the greateſt part of mankind has jp long wandred, becauſe they rely d upon'the 
; ſirength.'of humane. Reaſon alone, have begun anew to.corrett all Hy; 
t patheſes' by ſenſe, - 4s, Seamen\ ge their. dead, Reckonings by Coeleſtial 
4 Obſervations; and t6 this purpoſe it. bus. been their printipal imdeavour ty eng 
2 CT large firengthentheSenſegy)Medicinezand by ſuchoutward Inſtrus 
4 - ments44 o7e proper. for their particular, works, By this means they find ſom 

redſon.to. ſuſte;that thoſe effetis of Bodies which have been commonly attriz 
buted to Qualities, and thoſe confeſs'd to be.occult, are perform'd by the 
ſmall Machines of Nature, which are not to be diſcern d without theſe helps, 
ſeemitng. the meer produtts of Motion, Figure,and Magnitude; arid that the 
Natural Textures, which ſome call the Plaſtick-faculty, may be made in 
Looms:which a greater perfebiion of Opticks may make diſcernable by theſe 
* Glaſſes:ſ0 as now they are no more puzzled about themthentbe vulgar att to 
concervehowTapeſtry or fiowred-Stufts gre woven. And the ends of all theſe 
Inquiries they intend tobe the Pleafure of Contemplative minds, but above 
all.zhe.eaſe and diſpatch, of the labours, of mens hands. They do indeed neg- 
left no opportunity to bring all the rare things of Remote Countries within the 
compaſs of their knowledge and praflice.But they: ſtill acknowledg their moſk 
uſeful Informations to ariſe from common things, .'and from diverfitying 
their moſt ordinary operations upon thent, They donot wholly, reje&i Experi- 
ments of meer light and theory ; but they principally aim at" ſuch, whoſe 
Applications will improve and facilitate the preſent way of Manual Arts. 
Andthough ſomemen; who are perhaps taken up about leſs honourable Em- 
ployments, arepleas d to cenſure their proceedings, yet they can ſhew more 
fruits. of their firſt three years, wherein they have aſſembled, then any ather 
Society inEurope can for a much larger ſpace of time.'7u true, ſuch un- 
dertakings as theirs do commonly. meet with ſmall incouragement , becauſe 
men are generally rather taken with the plaufible and diſcurfive, theri the 
real and the ſolid part of Philoſophy ; yet by the good fortune of their inſtitu- 
tion,in an Age of all athers the moſt inquiitive,they have been aſſiſted by the 
= contribution andpreſence of very many ofthe chief Nobility and Gentry, 
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great 'a'(perfeftion, ſuzh wi Mechanical: Hand, and fo Philoſophical a 
Mind.  . go) þ 
1\But af" laft,bring aſſured both, ty:Ne. Wilkins,ond Dr. Wren Linſel 
that be had\given over\biintentions of Profecuting it, and not finding that 
thets was any elſe deſign'd the purſuing. of it, Ifet upon this undertaking, and 
ws not\a Title incourap'd to proceed in it, bythe Honour the Royal.Sqciety 
was pheas'd to favour me with,in approving of thoſe draughts (which .from 
time:to time as Thad an opportunity of deſcribing) Ipreſentedto them, And 
particuldrly' by the: Incitements of drvers of thoſe Noble and excellent Per- 
fons as it, which were. my. more eſpecial. Frietds,whowere not les "gent: with 
me for th publiſhing, then for the proſecution of them. 

After Thad almoſt compleated theſe Piflures and Obſervations. Cha 
wing had ' divers \of them- ingraven ; and was ready to ſend them. to the 
Preſs'y Iwas informd ,, that the Ingenious Phyſitian: Dr. Henry, Fower 
had made ſeveral Microſcopical Obfervations,which had not afterwards, 
upon' our. inter changably viewing each others Papers, found that they,\were 
for the 'moſt part differing from mine, either in the Subjed it ſelf ,,or in the 
particulars taken notice of ; and that his deſign was only ts print, Obſer- 
vations without Pittures,T bad even then ſuppreſſed what Thad ſo-far pro- 
ceededin. But being further excited by ſeveral of. my Friends, in comph- 
ance with their opinions, that it would not be unacceptable to ſeurral\inqui- 
fitive Men, and hoping alſo, that I\ ſhould thereby diſcover femething 
New to the World, I have at length caft in my Mite; into the vaſt, Treaſa- 
ry of A Philoſophical-Hiſtory. And it s my hope, as well as belick, that 
theſe my Labours will be no more comparable tothe ProduQtions of, many 

other Natural Philoſophers, who are now every where buſie abagt, greater 

things ; then my little Objetts are tobe compar'd to the greater and more 

beautiful Works of Nature, 4 F lea, a Mite, a Gnat, to an Horſe,an Ele- 
phant, or a Lyon. FAG | 
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Obſerv. I. Of the Prin if dp ſmall Needle, 


Sagas in Geometry, the molt natural way of beginning is 5chems.z. 
S228 from a Mathematical point ; fois the ſame method in Fig.1, 
afS) Obſcrvations and Natwral hiſtoh, the moſt genuine,fim- 
Res ple, and inſtructive. We muſt firſt endevour to make 
letters, and draw ſingle ſtrokes true , before we ven- 
ture to write whole Sextences, or to draw large Pi- 
SS G&rres. And in Phyſcal Enquiries, we muſt endevour 
to follow Nature 1n the more plaiz and eafe ways ſhe 
treads in the molt [wmple and xncompounded bodies, totrace her ſteps, and 
be acquainted with her manner of walking there, before we venture out 
ſelves into the multitude of mearders the has in bodies of a more romplica- 
ted nature; leſt, being unable to diſtinguiſh and judge of our way, we 
uickly loſe both Natzre our Guide,and oyr ſelves too.and are left to wan- 
= in the labyrinth ot groundleſ(s opinionsz wanting both judemwert, that 
light, and experience, that clew, which thould direct our proceedings. 

We will begin thele our Inquiries therefore with the Obſervations of 
Bodies of the molt ſimple nature tirlt,and fo gradually proceed to thoſe of a 
more compounded one.In proſecution of which mer yoo ſhall begin with 
a Phyſical point, ot which kid the Point of a Needle is commonly teckon'd 
for one 3:and is indeed, for the moſt part, made fo ſharp, that the naked 
eye.cannot diſtinguiſh any parts of it : It very eafily pierces, and makes its 
way through all kind of bodies ſofter then it ſelf:But if view'd with a very 
good Microſcope, we may find that.the top of a Needle (though as to = 
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ſenſe very ſharp) appears a broad,blumt, and very irregular end not reſeiti- 
bling a Cone, as is imagin'd, but onely a piece of a tapering body,-with a 
great part of the top remoy'd, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moſt curious Mathematital Inſtruments 
do very ſeldome arrive at fo great a ſharpneſs; how much therefore can 
be builtupon demonſtraticns made onely by the productions of the Ru- 
ler and Compaſſes, he will be better able to conlider that ſhall but view 
thoſe points and lines with a Microſcope. 

Now though this point be commonly accounted the ſharpeſt (whence 
when we would expreſs the ſharpneſs of a point the molt ſaperlatrvely, we 
fay, As ſharp as a Needle) yet the Aficroſcope can afford us hundreds of In- 
ſtances of Points many thouſand times ſharper : ſuch as thoſe of the hazrs, 
and briſtles, and claws of multitudes of Inſes; the thorns, or crooks, or , 
Þairs of leaves, and other ſmall vegetables; nay, the ends of the ſtirie or 
ſmall paralelipipeds of Amianthus , and alumen plumoſum ; of many of 
which, though the Points are ſo ſharp as not to be vitible, though view'd 
with a Microſcope (which magnifies the ObjeR, in bulk, above a millionof 
times) yetI doubt not, but were we able praFicaly to make Aicroſcopes 
according to the theory of them, we might find hills, and dales,and pores, 
and a ſufcient bredth, or expanſion, to give all thoſe parts elbow-room, 
even inthe blunt top of the veryPoint of any of theſe ſo very ſharp bodies. 
For certainly the quantity or extenſion of any body may be Diviſeble int ine- 

finitum, though perhaps not the matter. 

But to proceed : The Image we have here exhibited in the 
firſt Figure, was the top of a ſmall and very ſharp Needle, whoſe 
point 4 4 nevertheleſs appear'd through the Afrcroſcope above a 
quarter of an inch b&ad, not round nor flat , but irregular and an- 
ever ; fo that it ſeem'd to have been big enough to have afforded a 
hundred armed Mites room enough to be rang'd by each other without ' 
endangering the breaking one anothers necks, by being thruſt off on ei- 
ther fide; The ſurface of which, though appearing to the naked eye very 
{mooth,;could nut nevertheleſs hide a multitude of holes and ſcratches and 
ruggedneſles from being diſcover'd by the Mzcroſcope to invelt it, ſeveral 
of which inequalities (as A,B,C, ſeem'd holes made by ſome ſmall ſpecks of 
Raſt; and D ſome adventitions body, that ſtuck very cloſe to it) were ca- 
ſual. All the reſt that roughen the ſurface, were onely fo many marks of 
the rudeneſs and bungling of Art. So unaccurate is it, in: all its produQti- 
ons, even in thoſe which ſeem moſt neat, that if examin'd with an organ 
more acute then that by which they were made, the more we ſee of their 
ſhape, the leſs appearance will there be of their beauty : whereas in the 
works of Natxre, the deepeſt Diſccveries ſhew us the greateſt Excellen- 
cies. An evident Argument, that he that was the Author of all theſe 
things, was no other then 0O-z77potert ; being able to include as great a va- 
riety of parts and contrivances in the yet ſmalleſt Diſcernable Point, as in 
thoſe vaſter bodies (which comparatively are called alſo Points) ſuch as 
the Earth, $7. or Planets. Nor need it ſeem ſtrange that the Earth it ſelf 
may be by an Aralogie call'd a'Phyſical Point:For as its body,though now 
fo 
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ſo near us as tofill our eysand fancies with a ſenſe of the vaſtneſs of it, 
may by alittle Diſtance, and ſome convenient Diminiſhing Glaſſes, be 
& made vaniſh into a ſcarce viſihle Speck, or Point ( as I have often 
7s try'd on the Moon, and (when not too bright) on the $»x it ſelf.) So, 
; could a Mechanical contrivance ſuccesfully anſwer our Theory, we might 
ſee the leaſt ſpot as big as the Earth it ſelf; and Diſcover, as Des Cartes Diop. ch. 
alſo conjectures, as great a variety of bodies in the 24007. or Planets, as in 0 h9. 
the Earth, 

But leaving theſe Diſcoveries to future Induſtries; we ſhall proceed to 
add one Obſervation more of a poizt commonly ſo call'd.that is, the mark 
of a full ſtop, or period. And for this purpoſe Lobſerved many both printed 
ones and writter ; and among multitudes I found few of them tnore routd 
or reexlar then this which I have delineated in the third figure of the ſe- 
cond Scheme, but very many abundantly more disfignr'd; and for the 
moſt part if they ſeem'd equally round to the eye, I found thoſe points 
that had been made by a Copper-plate, and Roll-preſfs, to be as misſhapen 
as thoſe which had been made with 7ypes, the moſt"curious and ſmoth] 
engraver ſtrokes and points, looking but as ſo many farrows and holes, and 

\ their printed impreſſions, but like ſmmtty daubings on a matt or uneven 
floor with a blunt extinguiſht brand or ſtick's end. And as for points 
made with a pex they were much more rugged and deformed. Nay,having 
view'd certain pieces of exceeding curious writing of the kind ( one of 
whichin the bredth of a #wo-pence compris'd the Lords prayer, the Apoſtles 
Creed, the ten Commandments, and about half a dozen verſes beſides of the 
Bible, whoſe lines were ſo ſmall and near together, that I was unable to 
zumber them with my naked eye, a very ordinary Afcroſcope, I had then a- 
bout me, inabled me to fee that what the Writer of it had aflerted was 
true, but withall diſcover'd of what pitifull bxngling ſcribbles and ſcrawls 
it was cofnpos d,Arabiar and China charaders being almoſt as well thap'd ; 
yet thus much I mult fay for the Man, that it was for the moſt part /egible 
enough, though in ſome places there wanted a good fantſy well prepoſeſt 
to help one through. If this manner of ſmal# writing were made eaſie and 
praFicable ( and I think I know ſuch a one, but have never yet made 
tryal of it, whereby one might be inabled to write a great deale with much 
eaſe, and accurately enough in a very little roome ) it might be of very 
good uſe to convey ſecret Intelligence without any danger of Diſcover 
Or mfraſſing: But to come again to the point, The Irregularities of it 
are cauſed by three or four coadjutors, one of which is, the anever ſurface 
of the paper, which at beſt appears no (mother then a very courſe piece of 

ſhag'd cloth, next the irregularity of the Type or Ingraving, anda third is the 

3 rough Daubing of the Printing-Inkthat lies upon the inſtrument that makes 

f. the impreſſion, to all which, add the var:ation made by the Different 

lights and ſhadows, and you may have ſufficient reafon to gheſs that a point 
may appear much more xgly then this, which I have here preſented, which 
though it appear'd through the Microſcope gray, like a great ſplatch of 

London dirt, about three inches over ; yet to the aked eye it was black , 

and no bigger then that in the midſt of the Circle A. And could Ihave 
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found Room in this Plate to have inſerted an O you ſhould have ſeen that 
the letters were not more diſtinCt then the poirts of Diſtintion, nor a 
drawn circle more exactly ſo,then we have now ſhown a point tobe a point. 
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Obſerv, IT. Of the Edpe of a Razor. | 


He ſharpeſt Edge hath the ſame kind of affinity to the ſharpeſt Point 
in Phyſicks, as a line hath to a point in Mathematicks ; and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
ſpect, till more cloſely viewed by the Microſcope, and there we may ob- 
7 6 its very Edge to be of all kind of ſhapes, except what it ſhould be. 
For examining that of a very ſbarp one, I could not find that any part of 
it had any thing of ſharpneſs in it; but it appear'd a rough Far Oo of a 
very conliderable bredth from fide to fide, the age part not ſeem- 
ing thinner then the back of a pretty thick Knife. Nor is't likely that it 
ſhould appear any otherwile, ſince as we juſt now ſhew'd that a point ap- 
ard a circle, tis rational a line ſhould be a parallelogram. 

Now for the drawing this ſecond Figure(which repreſents a part ofthe 
Edge about half a quarter of an inch long of a Razor well ſet) Io plac'd it 
between the Ob 5ect- laſs & the light. that there appear'd a refleCtion from 
the very Edge.repreſentd by the white line a bc de f. In which you may 
perceive it to be ſomewhat ſharper then elſewhere about 4, to be indent- 
ed or pitted about 6, to be broader and thicker about c, -and unequal 
and rugged about e, and pretty even between a b and ef. Nor wasthat 
part of the Edge g hi k fo ſmooth as one would imagine fo ſmooth bo- 
dicsasa Hone and Oyl ſhould leave it ; for beſides thoſe multitudes of 
ſcratches, which appear to have raz'd the ſurface g þ # k, and to croſs 
each other every way which are not halt of them expreſt in the Figure, 
there were ſeveral great and deep ſcratches, or furrows, fuch as g þ and 
3 k, which made the furface yet more rugged, caus'd perhaps by ſome 
ſmall. Duſt caſually falling on the Hone, or ſome harder or more flinty 
part of the Hone it ſelf. 'T he other part of the Razor 11, which is poliſh'd 
on a grinding-{tone, appear'd much rougher then the other, looking al- 
moſt hike a plow'd field, with many parallels, ridges, and turrows, and a 
cloddy, as twere, or an uneven ſurface : nor ihall we wonder at the 
roughnefles of thofe furfaces, ſince even in the moſt curious wrought 
Glatſes for Aficreſcopes, and other Optical uſes, I have, when the Sun has 
ſhone well on them, diſcover'd their furface to be varioutly raz'd or 
ſcratched, and to conliſt of an infinite of ſmall broken ſurfaces, which re- 
flecc the-light of very various and differing colours. And indeed it feems 
impotiible by Art to cur the ſurface of any hard and brittle body {mcoth, 
fhince Pxtte, or even the mott curious Powder that can be made uſe of, to 
poliſhſuch a body, maſt confiſt of little hard rough particles, and each of 
them 'niuft cut its-way, and conſequently leave ſome kind of gutter or 
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furrow behind it. And though Nature does ſeem to do it very readily in 
all kinds of fluid bodies, yet perhaps future obſervators may diſcover 
even thcſcalſo rugged ; it being very probable, asI elſewhere ſhew, that 
fluid bodiesare made up of ſmall ſolid particles variouſly and ſtrongly 
mov'd, and may find reaſon to think there is ſcarce a ſurface in rerum na- 
tur4 perfe&tly imooth. The black ſpot #» #, I gheſs to be ſome ſmall 
ſpeck of ruſt, for that I have oft obſery'd to be the manner ofthe working 
of Corrolive Juyces. To conclude, this Edge and piece of a Razorz.Ih, it 
had been really ſuch as it appear'd through the 4icroſcope, would ſcatce- 
ly have ſerv'd to cleave wood, much leſs to have cut off the hair of beards, 
unleſs it were after the manner that Lxciax merrily relates Charox to have 
made uſe of,when with a Carpenters Axe he chop'd oft the beard ofa ſage 
Philoſopher, whoſe gravity he very cautiouſly fear'd would indanger the 
overſetting of his Wherry. 


Obſerv. I1I, Of fine Lawn, or Linnen Cloth. 


C þ His is another product of Art, A piece of the fineſt Lawn I was able 

to get, ſo curious that the threads were ſcarce diſcernable by the na- 
kedeye,and yet through an ordinary Aicroſcope you may perceive what 
a goodly piece of coarſe Matting it is 3 what proportionable cords each of 
its threads are, being not unlike, both in ſhape. and ſize, the bigger and 
coarſer kind of ſwgle Rope-yarn,wherewith they uſually make Cables. That 
which makes the Lawn fo tranſparent, is by the Aficroſcope, nay by the 
naked eye, if attentively viewed, plainly enough evidenced to bethe 
multitude of ſquare holes which are left between the threads, appearing 
to have much more hole in reſpect of the intercurrent parts then is for the 
moſt part left in a /attice-window, which it does a little reſemble, onely 
the crofling parts are round and not flat. 

Theſe threads that compoſe this fine contexture, though they are as 
ſmall asthoſe that conſtitute the finer ſorts of Silks, have notwithſtanding 
nothing of their gloſlie, pleaſant,and lively refleftion. Nay, I have been 
informed both by the Inventor himſelf, and ſeveral other eye-witneſles, 
that though the tlax,out of which it is made,has been (by a fingular art, of 
that excellent Perſon, and Noble Vertyoſo, M. Charls Howard, brother to 
the Duke of Norfolk))lo. curioully dreſs'd'and'prepar'd,asto appear both to 
the eye and the touch, full as fie and as gloſſze, and to receive all kinds 
of colours,as, well as Sleave-Silk ; yet when this Silken Flax is twiſted into 
threads, it.quite loſcth, its former luſter,; and becomes- as. plain anfl baſe 
a thread to look on, as one. of the ſame bigneſs, made of common Flax. 
The reaſon of which, odd Phexomenon: ſeems no other then this; that 
rouge the curiouſly dreſt Flax has its parts ſo exceedingly, ſmall, , is to 
equallize, if not to be much ſmaller then the clew of the Silk-waitn, eſpe- 
cially in thinneſs, yet the differences between the figures of the conſti- 
tuting filaments are fo great, and their encrs {o.yatipus, that _——— 
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thoſe of the 51/k are ſarall,rpound, hard, tranſparent, and to their bigneſi 


jonably tif}, ſo as each filament preſerves its proper Figure, and 
[281 ne Ld, refleFion intire, though twiſte dns a thread, if 
not too hard ; thoſe of Flax are flat, limber,ſofter,and leff tranſparent, utid 
intwiſting into 4 thread they joyn,and lie ſocloſe together;as to loſe their 
own, and deſtroy each others particular refleftions. There ſeetns there« 
fore three Particulate very requiſite to make the ſo dreſt Flax appear Silk 
alſv when ſpun into threads. Firſt, that the ſubſtance of it ſhould be 
made tnore clear and tranſparent, Flax retaining in ita kind of opacari 
brown, or yellow ; and the parts of the whiteſt kind T have yet obſery' 
with the Mirroſcope appearing white, like flaw'd Horn or Glaſs, rather 
then clear, like clear or Glaſs. Next that, the filaments ſhould each 
of ther be ronnded, if that could be done,which yet is not ſo very neceſ+ 
fary, if the firſt be perform'd, and this third, which is, that each of the 
ſmall filaments be ſtifned, for though they be ſquare, or flat, provided 
they be tranſparent and ſtiff, much the ſame appearances muſt neceſſarily 
follow. Now, though I have not yet madetrial, yet I doubt not, but that 
both theſe vtopriciles May be alſo-induc'd upon the Flax,and perhaps too 
by one and the ſame Expedient, which ſome trials may quickly inform any 
ingenious attempter of, who from the uſe and profit of ſuch an Invention, 
may find ſufficient argument ro be prompted to ſuch Inquiries. As for 
the rexacity of the ſubſtance of Flax, out of which the thread is made, it 
ſeerns much inferiour to that of Silk, the one being a vegetable, the 
©ther an animal ſubſtance. And whether it proceed from the better con- 
coftion, of the more homogeneous conſtitation of a»i#al ſubſtances 
above thoſe of vegetables, I do not here detettffiitiez yet ſince I ge« 
nerally find, that wegetzble ſubſtances do not Equalize the tenacity of anj- 
mal, nor theſe the #tacity of ſome purified wintral ſubſtancess I am 
very apt cothink, that the #exacity of bodies does not proceed from the 
hamons, or hooked particles, as the Epieurtans, and ſome modern Philoſs- 
phers have imagin'd; but from the more exa& em of the conſti- 
tuent parts, which are contiguous to each other, and fo bulky, as not to 
be ealily ſeparated, or ſbatter'd, by any ſmall pulls or concuffion of 
heat. 
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Obſery. 1V. Of fine waled Silk., or Taffeyy. 


i His is the appearance of a piece of very fine Taffety-riband in the 
| vigger aps, ve Glaſs, which you ſee exhibits it like a very cot 
venient ſubſtance to make Bed-ttiatts,or Door-nmarts of,or to ſerve for Bee- 
hives, Corn-ſcuttles,Chairs. or Cort+tubs,it being not unlike that kind of 
work, wherewith in many patts in Eng/and, they make ſuch Utenſils of 
Straw. little wreathed,and bound together with thongs of Brambles. For 
m this Cottexture, each little filattient, fiber, or clew of the Silk-wortr, 
ſkem's about the bigneſs of an ordinary Straw, as appears by the little ir- 
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regular pieces,a b,c d,and ef; The Warp,or the thread that ran ctoſling the 
Riband,appear'd like a fingle Rope of an Inch Diameter ; bur the Woof, 
or the thread that ran the length of the Riband, appear'd not half ſo 
big. Each Inch of fix-peny*broad Ribatid none bom lefs then a piece 
of Matting Inch and half thick, and twelve foot ſquare; a few yardsof 
this, would be enough to floor the long Gallery of the Loxre at Paris. 
But to return to our piece of Riband : It affords us a not unpleaſant 6b- 
je&t, appearing like a bundle, ot wreath, of very clear and tranſparent 
Cylinders,if the Silk be white, and curioutly ting'd gif it be colour'd,cach 
of thoſe ſmall hortey Cylinders attording in ſome place or other of thern, 
as vivid a refleCtion, as if it had beet fent from a Cylinder of Glaſs or Horn, 
In-ſo-much, that the reflections of Red, appear'd as if coming from fo 
many Granates, or Kubits. The lovelineſs of the colours of Silks above 
thoſe of hairy Stuffs,or Linnen,conſiſting,asTelſe-where intimate,chiefly in 
the tranſparency, and vivid refleCtions from the Conrave,or inner ſurtace 
of the trarſparent Cylinder, as are alſo the colours of Precious Stones ; 
for moſt of the reticCtions from each of theſe Cy/inders, come from the 
Concave {urface of the air, which is as 'twere the toil that incompaſles the 
Cylinder, The colours with which cach of theſe Cy/inders are ting'd, ſeem 
partly to be ſuperticial, and ſticking to the out-fides of them; and partly, 
to be imbib'd, or funck into the ſubſtance of them 1 for Silk, ſeeming to 
be little elſe then a dried thread of Glew, may be ſuppos'd to be very 
cafily relaxt.and'loftened, by being ſteeped in warm, nay in cold, if pene- 
trant, juyces or liquors. And thereby thoſe tinCtures, though they titge 
perhaps but a ſmall part ofthe ſubſtance, yet being ſo highly impregnated 
with the colour, as to be almoſt black with it, may leave an impteſſion 
ſtrong enough to exhibite the defir'd colour. A pretty kinde of artifi= 
cial Stuff I have ſeen,” looking almoſt like tranſparent Parchment, Horn, 
or Iling-glaſs, and perhaps ſome ſuch thing it may be made of, which bes 
ing tranſparent, and of a glutinous nature, and eaſily mollified by keep» 
ing in water, as I found upon trial, had imbib'd, and did remain ting'd 
with a great variety of very vivid colours, and to the naked eye, it look'd 
very like the ſubſtance of the Silk. And I have often thought, that pro- 
bably there might be a way found out, to make an artificial glutinous 
compoſition, much reſembling, if not full as good, nay better, then that 
Excrement.,or whatever other ſubſtance it be out of which, the Silk-wornt 
wire-draws his clew. If fuch a compoſition were found, it were cettain- 
ly an eafie matter to find very: quick ways of drawing it out into ſmall 
wires fot uſe. I need not mention the uſe of fach an Invention,not the be 
nefit that is likely to accrue to the finder,they being ſufficiently obvious. 
This hint therefore, may, Ihope, give ſome Ingenious inquiſitive: Perfon 
an occaſion of making ſome trials, which if ſucceſsful}, I have my aim, and 
I ſuppoſe he will have no occaſion to be diſpleas'd. 


Obſery; \' 
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Obſerv. V. Of watered Silks, or Stuffs. 


Here are but few Artificial things that are worth obſerving with a 
Microſcope ; and theretore I ſhall ſpeak but briefly concerning them. 

For the Productions of art are ſuch rude mif-fhapen things, that when 
view'd with a Microſcope.there is little elſe obſervable,but their deformity. 
The moſt curious — appearing no better then thoſe rude Rnſſrar 
Images we find mention'd in Parchas, where three notches at the end of a 
Stick, ſtood for a face. And the moſt ſmooth and burniſh'd ſurfaces appear 
moſt rough and unpoliſht : So that my firſt Reaſon why Iſhall add but a 
few obſervations of them, is, their mi{-ſhapen form; and the next, is their 
uſeleſsneſs. For why ſhould we trouble our ſelves in the examination of 
that form or ſhape (which is all we are able to reach with a Microſcope) 
which we know was deſign'd for no higher a uſe, then what we were able 
to view with our naked eye? Why ſhould we endeavour to diſcover 
myſteries in that which hasno ſuch thing in it? And like Rabbizs find out 
Caballiſms, and £nigmis inthe Figure, and placing of Letters, where no 
ſuch thing lies hid : whereas in atvraltormsthere are ſome {o ſmall, and 
ſo curious,and their defign'd buſineſs ſo far remov'd beyond the reach of 
our fight,that the more we magnify the obje&, the more excellencies and 
myſteries do appear; And the more we diſcover the imperfections of our 
ſenſes, and the Omnipotency and Infinite perfeCtions of the great Crea- 
tour. I ſhall therefore onely add one or two Obſervations more of artifi- 
cial things, and then come to the Treaty concerning ſuch matters as are 
the ProduRions of a more curious Workman. One of theſe,ſhall be that 
of a piece of water'd Silk, repreſented in the ſecond _ of the third 
Scheme,asit appear'd through the leaſt magnifying Glaſs. A B. ſignifying 
the long way of the Stutf,and C D the broad way. This Stuff, it the right 
fide of it be looked upon, appears to the naked eye, all over ſo waved, 
undulated, or grain'd, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no ſmall gracetulneſs to the Gloſs of it. 
It is ſo known a propriety, that it needs but little explication, but it is ob- 
ſervable, which perhaps every one has not conſidered, that thoſe parts 
which appear the darker part of the wave, in one poſition to the light, in 
another appears the lighter,and the contrary:and by this means the undu- 
lations become tranſient, and in a continual change,according as the po- 
ſition of the parts in reſpect of the incident beams of light is varied. The 
reaſon of which odd pheromera. to one that has but diligently examin'd 
it even with his naked eye, will be obvious enough. But he that obſerves 
it with a Afcroſcope, may more eaſily perceive what this Proteys is, and 
how it comes to change its ſhape. He may very eaſily perceive. that it 
roceeds onely from the variety of the Refle&ions of light, which is caus'd 
y the various ſhape of the Particles, or little protuberant parts of the 
thread that compole the ſurface ; and that thoſe parts of the waves that 
appear 
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appear the brighter throw towards the eye a multitude of ſmall refleti- 
ons of light, whereas the darker ſcarce aftord any. The reaſon of which 
reflefion, the Microſcope plainly diſcovers, as appears by the Figure. In 

which you may perceive, that the brighter parts of the firkace con{ilt- of 
an abundance of large and ſtrong res denoeed by 4,4, 4,4, 4, &e, 

for the ſurfaces of thoſe threads that run the long way, are by the Mecha+ 
nical proceſs of watering, creas'd or angled in another kind of poſture 
then they were by the weaving: for by the weaving they are onely bet 

round the warping threads z but by the watering, they are bent with art 

angle, or elbow, that is in ſtead of lying, or being bent row»d the threads, 

as in the third Figure, 4, a, a, a, a, are about b,þ,b (b,þ,b repreſenting the 

ends as 'twere, of the croſs threads,they are bent about) they are creas'd 

on the top of thoſe threads, with an azgle, as in the fourth Figure, and 

that with all imaginable variety ; ſo that,whereas before they refle&ed 

the light onely from one point of the round ſutface, as about c,c,c, they 
now when water'd, reflect the beams from more then half the whole ſur- 

face,as de, de, de, and in other poſtures they return no refle&ions at all 

from thoſe ſurfaces. Hence in one pong they compoſe the brighter 

parts of the waves,in another the darker. And theſe refleftions are alſo 

varied, according as the particular parts are variouſly bent. The reaſon 

of which creaſing we ſhall next Examine; and here we muſt fetch our in- 

formation from the Mechaniſm or manner of proceeding in this operation 

which, as I have been inform'd, is no other then this. 

They double all the Stuftthat is to be water'd, that is,they creaſe it juſt 
through the middle of it, the whole length of the piece, leaving the right 
tide The Stuff inward, and placing the two edges, or filvages juſt upon 
one another,and.as near asthey can,place the wale fo in the doubling of it, 

that the wale of the one fide may lie very hear parallel, or even with the 
wale of the other ; for the nearer that poſture they ie, the greater will 
the watering appear 3 and the more obliquely,or acroſs to each other they 
lie, the ſmaller are the waves. Their way for folding it for a great wale 
is thus : they take a Pin,and begin at one fide of the piece in any wale,and 
ſo moving it towards the other (ide, thereby dire their hands to the op- 
poſite ends of the wale, and then, as near asthey can, place the two op- 
polite ends of the ſame wale together, and ſo double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two's diftance 
through the whole length ; then they ſprinkle it with water,and fold it the 
longways, placing between every told a piece of Paſtboard, by which 
means all the wrong (ide of the water'd Stuff becomesflat, and with little 
wales, and the wales on the other {ide become the more protuberant 3 
whence the creaſingsor angular bendings of the wales become the more 
rſpicyous. Having folded it in this manner,they place it with an inter- 
jacent Paſtboard into an hot Preſs, here it is kept very violently preſt, 
till it be dry and ſtiff; by which means, the wales of either comTguons 
ſides leave their own imprefiions upon each other, as is very 'mani- 
feſt by the ſecond Figure, where 'tis obvious enough, that the wale of the 
piece 4 B C D runs parallel between the pricked lines ef, ef, ef, and 4, 
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manifeſt to diſcern the impreſſions upcn theſe wales, len oat 
were preſt upon them,which lying not exaUly parallel with them,buraTl 
tle ator them, as is denoted by the lines of,o 00 0,eh. gh.gh, between 
which the other wales did lie parallel;they are ſo variouſly,and irregular- 
ly creas'd that being put into that ſhape when wet,and kept ſo till they be 

rie, they ſo ſet each others threads, that ti.e Moldings remain almoſt as 
long as the Stuff laſts. 

ence it may appear to any one that attentively conſiders the Figure, 

why the parts of the wale 4, a, 4, 4, 4, a, ſhould appear bright ; and why 
the parts b,6b, b,b,b,b, ſhould appear ſhadowed, or dark; why ſome, as 
d,d,d,d,d,d, ſhould appear partly light,and partly dark : the varieties of 
which refleftions and ſhadows are the only cauſe of the appearance of wa- 
tering in Silks, or any other kind of Stuffs. 

From the variety of refletion, may alſo be deduc'd the cauſe why a 
ſmall breez or gale of wind ruffling the ſurface of a ſmooth water, nakey 
It appear black; as alſo,on the other ſide, why the ſmoothing or burniſh- 
|, e ſurface of whitened Silver makes it look black ; and multitudes of 
ot 


"ther phznomena might hereby be ſolv'd, which are too many to be here 
inſiſted on. 


—. 


Obſerv. VI. Of ſmall Glaſs Canes. 


Hat I might be fatisfi'd, whether it were not poſhble to make” an 
| Artificial pore as ſmall as any Natural | had yet found, I made ſe- 


veral attemps with ſmall g/aſs pipes, melted in the flame of a Lamp, and 
then very ſuddenly drawn out into a great length. And, by that means, 
without much difficulty, I was able to draw ſome almoſt as ſmall as a 
Cobweb, which yet, with the Microſcope, I _ AY perceive to be 


perforated, both by looking on the eds of it, and by looking onit againſt 
the light ; which was much the eaſter way to determine whether it were 
ſolid or perforated; for, taking a ſmall pipe of glaſs, and cloſing one 
end of it, thenfilling it half full of water, and holding it againſ# the light, 
I cculd, by this means, very eaſily find what was the differing aſpe@ of a 
ſolid and a perforated piece of glaſs 3 and ſo eaſily diſtinguiſh, without 
ſeeing either end, whether any Cylinder of glaſs I look'd on, were a ſolid 
ftick,, or a hollow cane. And by this means, could alſo preſently judge of 
any ſmall filament of glaſs, whether it were hol/ow or not, which would 
have been exceeding tedious to examine &; looking on the end. And 
many ſuch like ways I was fain to make ule of, in the examining of di- 
vers other particulars related in this Book, which would have been no 
eaſie task to have determined meerly by the more common way cf look 
ing on, or viewing the Object. For, it we conſider hir{t, the very faire 
kebt wherewith the object is enlightened, whence many' particles ap- 
pear opacors, Which when more enlightned, appear very tranſparent, {0 
that I was fain to determine its tranſparency by one glaſs, and its texture 
by: another Next, the unmanageableneſs of molt ObjeFs, by hs 
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of their ſaralneſs, 3. The difficulty of finding the deſired point,, and of 
placing fe «pA reflect the /ight «Ewe; for the Inquir Eft, 
'ones being able to view it but with o#e eye at once,*they will appear nv 
{mall obſtra@ions, not are they eaſily remov'd without many ' comtrivas- 
ces, But to proceed, I could not find that water; or ſome dteply ting'd 
liquors would in fmall ones riſe ſo high as one would.expe&t;, and 'the 
higheſt I have found it yet riſe in any-of the pipes I have try'd, ,was tb 
21 inches above the level of the waterin the veſſel: for though found 
that in the ſmall pipes it would i»»bly enter at firſt, and run about 6 or 
7 inches upwards; yet I foundit then to move upwards ſo ſow, that 'l 
/have not yet had the patience to obſerve it above*that height of '21 i#- 
ches Gad. that was in a pretty /arge Pipe, in compariſon of thoſe T for- 
merly. mentioned ; for I could obſerve the progreſs of a very deep ting'H 
liquor in it with my naked eye, without tnuch trouble; whereas many of 
the other pipes were ſo very ſmall, that unleſs in a convenient poſture to the 
light, I could not perceive them: :) But tis very probable, that a greater 
patience and aſſidxity may diſcover the liquors to riſe, at leaſt torremiain 
ſuſpended, at heights that I ſhould be loath now even to gheſs at, if at 
leaſt there be any proportion kept between the height of the aſcending 
liquor, and the bigneſs of the holes of the pipes. REO 


An Attempt for the Explication of this Experiment. 


My Conjecture, That the unequal height of the ſurfaces of the water, 
proceeded from the greater preſſure made upon the water by the Air 
without the Pipes AB C, then by that within them; T ſhall endeavour- to 
confirm fromthe truth of the two following Propoſitions : 

The firſt of which is, That an unequalpreſſure of the incumbent Air, 
will cauſe an unequal height in the water's Surfaces. 

And the fecond is, That in this experiment there is ſuch an whequal 

reſſure, 40 

F Ni, the firſtis true, the following Experizzert will evince. - 'For if 
you take any Veſlel ſo contrived, as that you can at pleaſure either #- 
creaſe or diminiſh the preſſure of the Air upon this or chit part of the" S#- 
perficies of the water, the equality of the height of thoſe parts will pre- 
{ently be loft; and that part of the Syperficies that ſuſtains the Sean ef 
ſure, will be 7#ferior to that which undergoes the /eſs. A fit Veſſel- for 
this purpoſe, will be an inverted Glaſs Syphox, ſuch an-one as is deſcri- 
bed 1n the 8ixth Figure, For if into it you put Water enough to fill it as 
high as AB, and gently blow in at D, you ſhall depreſs the Superticies F, 
and thereby raiſethe oppoſite Superficies A to a conſederable height, and 
by gently ſucking you may produce clean contrary etfets, of —__ 

Next, That there is ſuch an »=equal preſſure, I ſhall prove from'this, 


That there is a much greater incongruity of Air to Glaſs and ſome other Bodjer, 


ther there is of Water to the ſame, 
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ity, F mean a property of a fluid Body, whereby any part of it 
is readth yoited with any other part, either of it ſelf, or of apy ather Sini- 
be ut id bedy : 4nd by Incongruity a property of a flujd,, by which 
it is bndred from uniting with any diſſuzilar, fluid,or ſolid Body, 
al Wi >. any one that hath been obſervingly converſant 
hout. bo es, ,cannat be Yrant of. For (not now to mention 
everal Chymical Spirits and Oyls, which will very hardly, if at all, be 
ought: rg aww with one another z inlomuch that there may be faund 
6 8 gr 9g, Or More, ſeyeral diſtinct Liquors, which fwizeming one up- 
2 | 
es 


of this kind ip fixids, then to obſerve the drops of rain falling through 

in, and the bles of air which are by any means conveyed under 

the kirk e of the water 3 or a drop of common Salet Oyl {\wimming upon 
ater... In all which, and many more examples of this kind that might 
be enumerated, the zzcongruity of two fluids is calily diſcernable. And 
{4 the Congruity or Incongruity. of Liquids, with ſcyeral kinds of firm 

| £55 "ally Go lang fince been taken notice of, and called by the 
amey - rineſeand oiſiure (though theſe two names are not compre- 
FARES ENOWBH, being.commonly yſed to fignitie only the adhering or 
not adhering of water to ſome other ſol;d Bodzes)of this kind we may ob- 
ſerve that water will more readily wet ſome woods then others ; and that 
water, let fall agen a Feather, the whiter fide of a Colwort,” and ſome 
other leaves; or. \ipgn almoſt any duſty, unFnons, or reſinous ſaperficies, 
will not at all adhere to them, but eafily tx-ble off from them, like a ſolid 


: Whereas, ifdropt upon Lizzer, Paper, Clay, green Wood, 8c. it will 
ay "i RE t leaving ſome part of it behind adberirgto them. 
Quick:fitves, which will very hardly be brought to ſtick. to. any vegeta- 
body, will readzly, adhexe to, and wingle with, leveral clean aetalline 
bodies... \ | 
o that we may the better finde what the cave of Compruity and 
Inc bits in bodies.is, it will be requifiteto conſider, Firſt, what isthe 
canſe of fluidneſs And this, I conceive, to be nothing elſe but a certain 
ar ſhake,ok beat. for Heat being nothing elle but a very brickand ve- 
agitatian. of the parts of a body (as Fhave ellwhere made proba- 
the paxts of a body are thereby made (© looſe from one another, 
rally move. any way, apd become fluid. That I may explain 
lxtle. by- 2. groſs Similizude, let us ſuppoeadilh of fand fer upon 
6; that is very.much agi#ated, and ſhaken with ſome quick, and 
Qg 7 ke) the on.a Milſzong turn/d round-upon the under ſtone 
very, violently, whilſt it, is cmptyz30r on a, very {tiff Drum-head, which is ve- 
_ hemently- ox very, nimbly beaten with, the Drumlticks, By this means, 
the ſang inthe diſh, which belore lay like a dw/40d unattive body, be- 
comes a perfect fixid'; andy canno ſooner make a hole my it with your 
;-but isis. immediately. filled. xp. again, and: the upper ſurface of it 

2 f Nox cap. you bury a light begp, asa piece of Cork under it, but 
it preſently emerges or ſwims as twere on. the-topsz nor: can youlay a 
beavier onthe top of it, as a piece of Lead, but it is immediately buried 
in 


6, will not preſently 27x) weneed ſeek no further for Exam- 
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1 Sand, ang, (as twere) links to the bottam,' Nor can you mike a hole 
in the fide, gt-che Did but the ſand ſhall ws out: of it to 2 level; wot an 
obwious prapprigiof. a thid body, as fuch, but thisdosjzmitateg\ and all 
this mcerly d by the vehcment agitation of the conteining veliel's 
for by this means, £acb{agd becomes to'have a vibrative or danuimg\mos 
tion, ſo-agno other heavier body canine on it, unleſs ſaſtern'd by ſome 
other on gigher fide ;; Nor will it ſuffor-any Body to be bereath it,' rndets 
it be a hex4j62. then 387 felf, Another Inſtance of the ſtrange-Jooſ&ring 
nature of a Violent, jarxibg Motion, or a ſtrongand nimble wvibrative 
one, we may; haye from.apicce of zrox grated. on vety ſtrongly with-d 


file : far if. intq that a-pio be ſerew'd fo firm and hard, that though ie-has 


a convenient head to it,-/yet it can by no means be.nrferew'd by the fins 
gers; lf, L/ay, you attempt to unſcrew this whilft grated or by the file, it 
will be tound.to undoe-and turn very eaſily. The firſt of theſe Examples 
manifeſts, how-a wy athually d:vided into ſmall parts, becomes.a'yflrid; 
And the latter manifeſts by what means the agitation of heat- fo eafily 
looſens and, uxties the patts of ſolid and rw bodies Nor need we: fup- 
pole heat to.be any thing elſe, beſides fuch a motion 5: for ſuppoſing we 
could Aechauicely produce ſuch a one quick and ſtrorg enough, we heed 
not ſpend fied. to welt a bady. Now, thatI do not ſpeak this altogether 

groundleſs, L muſt refer the Reader tothe ObſervationsT have made u 
on the ſhining ſparks of Steel, for there he ſhall find that the /amre effects 
axe produced uponſmall chips or parcels of Steel by the flaxee, 'and by 4 
quick, and violent wetionz and if the: body of fteel may be thus melted 
(as I there ſhew it may) I think, we have little reaſon to doubt that al- 

molt axy ether may not alſo. Every Smith can inform one how quick! 
both his File and. the Iror grows hot with filizg,, and if you rub al 

any two herd bodies together, they will do the fame : And we know, 
that a ſufficient degree of heat caules fluidity, in fome bodies much ſoon- 
er, and in. athers later; that is, the partsof the body of ſome are f© /cofe 
from ong arnaher, Bp comer fo avirwte and little, that a 
very ſmall degree of agitation keeps them always in the fate of flniaity. 
In kind, I ſuppoſe, the Ziher, that ts the LH Crt ar in 
which all other bodies do as it were fwim and move; and war's Fra 
the 4ir, which ſeems nothing elle bur a kind of tirGare or ſo/ntion of rev- 
reſtrial and aquequs particles asoplu d into it, and agitared by it, juft as 
the tinFupe of Cochencel.tz nothing but ſome finer diſable parts of that 
Concrete lick'd up or diffakvsd by the fluid water. And from this Notion 
of it, we may ealily give amore Intelligibk reaſon how the Air becomes 
ſo capable of RarefaGiox'and Condenſation. For, as: in tiniures,ome grain 
of ſome ſtrongly tinging ſubſtance may ſerſpbly colour ſome hundred 'thow- 
ſand grains of appropriated Liquors,fo as every drop of it has its propoutio- 
nate ſhare, and he ſenldbly tivg'd, as I have try'd both. with Logwood 
and Cochexee! : And' ag ſome few grains of £1 is able roi\mtett as 
reat a.quantity,as may. be-found-by preciprtations, though not tw eaſily 
- the fight or aſte 3, ſo the. Air, which-ſeems to be but as twere:a #inai#ure 
or ſaline. ſubſtance, difolvid.and agitated by the fiuidand.agil _—_— 
| perſe 
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rſe and expend it ſelf into a vaſt ſpace, if it have room enough, and 
infect,as it were,every part of that ſpace. But,as on the other fide,if there 
be but ſome few grains of the _ it may extra all the colour of the 
tinging ſubſtance, and may yo all the Salt, and thereby become 
much more impregnated with thole ſubſtances, fo may all the air that ſuf- 
ficed ina rarify'd ſtate to fill ſome hundred thouſand ſpaces of Ather, be 
compris'd in only oxe,but ina ) 2 a9 proportionable denſe. And though 
we have not yet found out ſuch ſtrainers for Tinctures and Salts as we 
have for the Air, being yet unable to ſeparate them from their diffolving 
liquors by any kind of filtre, without precipitation, as we are able to ſe- 
parate the Air from the Ather by Glaſs, and ſeveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the Ather as we can Tinctnres, and Salts out of ſeveral diſſolverrts; 
yet neither of theſe ſeeming i»ypoſſzble from the nature of the things, nor 
ſo improbable but that ſome happy future induſtry may find out ways to 
effect them 3 nay, further, ſince we find that Nature does really perform 
(though by what means we are not certain) both theſe ations, namely, 
by precipitating the Air in Rain and Dews, and by ſupplying the Streams 
and Rivers of the World with freſh water, ſtrain'd through ſecret ſub- 
terraneous' Caverns: And ſince, thatin very many other proprieties they 
do fo exattly ſeem of the ſame nature ; till further obſervations or 
tryalsdo inform us of the contrary, we may ſafely enough conclude them of 
the ſame kind. For it ſeldom happens that any two natures have ſo ma- 
ny properties coincident or the ſame, as I have oblerv'd Solutions and 
Air to nor and to be different in the reſt, And theretore I think it nei- 
ther impoſſible, irrational, nay nor difficult to be able to predi& what is 
likely to happen in other particulars alſo, beſides thoſe which Obſervation 
or Experiment have declared thus or thus; eſpecially, if the circum- 
ſtances that do often very much conduce to the variation of the effe&s be 
duly weigh'd and conſider d.. And indeed, were there not a probability of 
this, our i#quiries would be exdleſs, our tryals vain, and our greateſt i:- 
ventions would be nothing but the meer produ@s of chance, and not of 
Reaſon ; and, like Mariners in an Ocean, deſtitute both of a Coxypaſs and 
the ſight of the Celeſt;alguids, we might indeed, by chance, Steer direly 
towards our defired Port, but 'tis a thouſand to one but we miſs our aim. 
But to proceed, we may hence allo give a plain reaſon, how the Air comes 
to be darkned by clouds, &c. which are nothing but a kind of precipitati- 
on, and how thoſe precipitations fall down in Showrs. Hence alſo could 
I very eaſily, and I think truly, deduce the cauſe of the curious ſixargu- 
lar figures of Snow, and the appearances of Haloes, &*c. and the ſudden 
thickzing of the Sky with Clouds, and the vaniſhing and diſappearing of 
thoſe Clouds again; for all theſe rhings may be very eaſily i-ritated in a 
glaſs of liquor,with ſome {light Chymical preparations as I have often try'd, 
and may ſomewhere elſe more largely relate, but have not now time to 
ſet them down. But to proceed, there are other bodies that conſiſt of 
particles more Groſs, and of a more apt figure for coheſioxr, and this re- 
quires a ſomewhat greater agitation ; ſuch, I ſuppoſe y. fermented vinous 
| Spirits 
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Spirits, ſeveral Cymical Oils, which ire much of kin to thoſe Spirits, && 
Others yet require a greater, as water, and ſo others much greater, fot al- 
moſt infinite degrees: For, I ſuppoſe there are very few bodies ih the 
world that may not be made aliquaterns fluid, by ſomre or other degree of 
agitation or heat. Ay | 
Having therefore in ſhort ſet down ty Notion of a Fluid body; Icome 
inthe next place to conſider what pr art is; and this, as aid before, 
being a Relative property of a fluid, whereby it may be faid to be Hike or 
#»like to this or that other body, whereby it does or does not mix with 
this or that body. We will again have recourſe to our former Experi- 
ment, though but a rude one; and here if we mix in the diſhſeveral kind+ 
of ſands, ſome of bigger. others of leſs and finer bulks, we ſhall find that 
by the agitation the fire ſand will ejef? and throw ont of it (elf all thoſe 
bieger bulks of ſmall ſtores and the like, and thoſe will be gathered toge- 
ther all into oxe place ; and if there be other bodies ih it of other nattires, 
thoſe alſo will be ſeparated into a place by themſelves, and wnited or twm- 
bled up together. And though this do not come up to the higheſt proper- 
ty of Congruity, which is a Coheſtor of the parts of the fluid 4. 9 or 
a kind of attration and tenacity, yet this does as twere ſhadow it out; 
and ſomewhat reſemble it; tor juſt after the ſame manner, ' I ſuppoſe 
the priſe of heat to agitate the ſmall parcels of matter, and thoſe that are 
of a like bigneſs, and fienre, and matter, will hold, 'or dance together, and 
thoſe which are of a differing kind will be thryſt or ſhov'd out from bes 
tween them: for pro_ that 'are all ſp-ilar, will, like ſo many equal 
nmnſical ſtrings equally ſtretcht, vibrate together in a kind of Harmony or 
x1iſonz whereas others that are diſſimilar, upon what account ſdever,un- 
leſs the diſproportion be otherwiſe counter-ballanc'd, will, like ſo many 
ſtrings out of tune to thoſe uniſons, though they have the ſame agitating 
pulſe, yet make quite differing kinds of vibrations and repercuſſions, lb that 
though they may be both moy'd,yet are their vibrations ſo different, and 
fo untun'd, as twere to each other, that they eroſ5 and jar againſt each 
other, and.conſequently, cannot agree together, but fly back from eacti 
other to thetr {imilar particles. Now, to give you an inſtance how the 
aiſproportion of \ome bodiesin one refpett, may be connter-ballanc'd' by 
a contrary diſproportion ot the fame body in another reſpe&, whence we 
find that the ſubtil vir0ons ſpirit is congruons, or does readily mix with wa- 
ter, which in many wc dre is of a very differing nature, we may con- 
fider that a #xiſoz may be made either by two ſtrings of the Gne'b neſs, 
length, and tenſion, or by two ſtrings of the ſame bigneſs, but of differing 
tength, and a contrary differing exe or 313. by two ſtrings of #nequal 
length and bigneſs, and of a-differing tenſion, or of equal airs, and diffe- 
ring bigneſs and tenſion, and teveral other ſuch varieties, To which #hree 
properties in ſtrings, will correſpond three proprieties allo in ſand, or the 
particles of bodies, their Matter or Snbſtance, their Fignre or Shape, and 
their Body or Bulk, And' from the varieties of thele three, may:ariſe 74:- 
finite varieties 1n tluid bodies, though all agitated by the ſa-ze pulſe of vi- 
brative motion. And there may be asmany ways of making: Harmonies 


and 
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and Diſcords with theſe, as there may be with arxfcal ftrings. Having 
therefore ſeen what is the cauſe of Congruity or Incongruity, thoſe rela- 
tive properties of fluids, we may, from what has been ſaid, very eaſily 
colle&, what is thereaſor of thoſe Relative propricties alſo between flu- 
id bodies and ſolid ;, for ſince all bodies conſiſt of particles of fuch a 8ub- 
ſtance, Figure, and Bulk; but inſome they are wnited together more firm- 2 
ly then to be looſened from each other by every vibratrve motion (though Fa 
| inngios that there is-no-body in the world, but that ſome degree of a- F 
gitation may, as I hinted before, agitate and looſen the particles fo as to 
make them Hand) thoſe cohering particles may vibrate in the ſame man- 
r almoſt as thoſe that are hoſe 26d become xniſons or diſcords, as I 
ma ſo ſpeak, to them.” Now that the parts of all bodies, though never 
Nd do yet vibrate, I think we need gono fnrther for proof, then 
that el/bodies have ſome degrees of heat in them, and that there \has not 
been yet found any thing perfe@hy cold: Nor can I believe indeed that there 
is any {uch thing in Nature, as a body whole particles are at re#, or lazy 
and wnatHive in the great Theatre of the World, it being quite contrary to 
the grand Oeconomy of the Univerſe. We ſee therefore what is the rea- 
ſon of the /ympathy or uniting of ſome bodies together, and of the ant;- 
pathy or flight of others from each other : For Comgruity ſeems nothing 
elſe but a Sympathy, and Incongruity an Antipathy of bodies; hence. ſ{mi- 
har bodies once wnited will not eaſily part, and diſſuwilar bodies once d:ſ- 
Joyn'd will not eaſily nnite again; from hence may be very eaſily deduc'd 
the reaſon of the /aſpenſeor of water and Qrick-ſilver above their ujual ſta- 
tien, as {hall moreat large anon ſhew. 
Theſe properties therefore (alwayes the concomitants of fluid badies) 
produce theſe following viſible Effeds - | 
Firſt, They »xite the parts of a fluid to its ſever Solid, or keep them 
feparate from its difjamiler, Hence Qrick:ſitver will (as we noted before) 
Tick te Gold, Silver, Two, Lead,&c..and unite with them : but raw/off from 
Woed, Stone, Glaſs, &c. if never ſo'little ſcituated out of its horizontal le- 
wel;, and water that will wet ſalt and diſſolve it, will fp oft from: Tallow, 
orthe like, without at all adherizgs; as it may likewiſe be abſerved to 
da upon 2dvſiy ſuperficies. And next they cauſe the parts of homrogere- 
al fluid bodies readily to adhere together and! nix, and of heterogeneal,ta 
be exceeding averſe therennto. . Hence we find, that two ſmall drops of 
water,: on any ſuperficies they can roul on, will, it they chance to touch 
eachother, reed:ly write and ix into one 3% drop: The like may be ob+ 
ſerved with two ſmall Bowls of Qvick-plver upon a Table or Glaſs, pro+ 
vided their ſurfaces be not daftyz and with two drops of OyLupon fait 
water, &c. And further, water put unto wixe, falt mater, vinegar, ſpirit 
of wine; or. the like, does immediately (c{pecially if they be ſhaken to« 
ether) dyperſe it ſelf all over them. Hence, | on the contrary, we alfa 
bod, that 0y/ of Tartar poured upon. Quick-ſater, and Spirit off Wins on 
that Op{,and Ol of Twrpentine on that: Spirit, and!.4ir upon thatOg/;though 
they beſtopt clolely up into a Bottle, and fraken never fo much, - they: 
will by no means long ſuffer any 'of their bigger parts to be anited or oy 
clude 
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' cluded within any of the other Liquors(by which recited Liquors ay be 


plainly enough repreſented the four Peripatet ical Elements, and the thore 
ſubtil ther above all.) From this property'tis, that a drop of witer does 
not mingle with, or vanith into Air, but is drives (by that Fluid'erually 
protruding it on every fide) and forc't into as little a ſpace as it tan poſe 
fibly be contained- in, namely, into a Konnd Globule. So likewife a lits 
tle Air blownunder the water, is anited or thruſt into 4 BubMe by the 
ambient water. And a parcel cf Svick-ſitver cticloſed with it, Warey, 
or almoſt any other Liquor, is formed into a round Bull. 3 

Now the cauſe why all theſe included Fluids, newly ttientionetd; or as 
many others as are wholly included within a heterogeheous fhitd, ate 
not exatly of a Spherical Figure (ſeeing that if cauſed by thefe Prittciples 
only, it could be of no other) muſt proceed from ſore other kind of 
preſſure againſt the two oppoſite flatted ſides. This adve#titions or acr# 
dental preſinre may para from divers eaſes, and Cy muſt el#- 
verfifie the Figure of the included heterogeneous fluid : For ſeeing that a 
body may be included either with a fluid only, or only with a ſolid, of 
partly with a fluid, and partly with a ſolid, or partly with one fied, and 
partly with another z there will be found a vety great variety of the ter- 
minating ſurfaces, mach dittering trom a Spherical, according to the yati- 
ous reſiſtance or prefſure that belongs to each of theſe ehcompaſiing bos 
dies. 

Which Properties may 17 general be deduced from two heads, vis. 
Motion, and Reif, For, either this Globular Figure is altered by a #t#+ 


ral Motion, fach as isGravity ; or a violent, ftich as isaty 4ccidertal motion 


of the fluids, as weſce m the ind ruffling up the water,and the parlings 
of Streams, and foaming Of Catarratts, arid the ike. Of thitdly, By the 
Reſt, Firmneſs and Stability of the ambient $ol;d. For if the includ? 
8olid be of an angular or any other irregular Form, the included fiaid wi 
be near of the /ike,as a Pint-Pot fall of mater,or a Bladder full of 4ir. And 
next, if the including or included flwid have a greater gravity one than 
another,then will the g/obular Forrh be depreſt into an Eliptico-ſpherital : 
Asif, for example, we ſuppoſe the Circle 4 B C D, in the forth Fienre, 
to repreſent a dvop of water, Quickſilver, or the hike, included with the 
Air oy the like which fuppoting there were no gravity at alf irreither'of 
the flaids, :or that the cortained and cortaining were of the ſame weight, 
would be: equally comprei} ito anexattly ſpherical body (the ambient 
fluid forcing equally againft every fide of it. ) But fuppofing either 4 
preater g/avityinthe included, by reaſorr whereof the' parts of it bei 
preſt from 4 towards'B, and thereby the whole pat into #/9/7%27, 'an 
that motion betag hixdyed by the refance of the ſnbjdtent parts of the 
ambient, the globular Fipure: 4 D B C will be depreft into the PNiptito+ 
ſpherical, B G FH, For the (ide A isdetrided to-E by the Gravity, and 
B to F by the reſſtavcr of the ſubjacent medium : and'therefots'C miſt 
neceflarily be thruſt to-G; and P to H, Orelfe, fappofing'a greater 8/497 
ty inthe ambient, by whoſe more then ordiriary preſſure againſt the tinder 
hde of the:ineluded globule ; Z-will be forced to-F, aud by I 
E the 
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the motion #pwards, the ſide A will be depreſ# to F, and therefore C being 
thruſt toG and D to H; the globular Figure by this means alſo will be 
made an Elliptico-ſpherical. Next if a fluid be included parthy with one, 
and parth with another fluid, it will be found to be ſhaped diverſly, ac- 
cording to the proportion of the gravity and incongruity of the 3 fluids 
one to another : As in the ſecond Figure, let the upper M MM be Air,the 
middle L 4 N 0 becommon yl, the lower 0 0 O beWater, the 0yl 
will be form'd, not into a ſpherical Figure , ſuch as isrepreſented by the 

pricked Line, but into fucha Figureas LM N O, whoſe ſide L'M N 

will be of a flatter E/liptica/ Figure, by reaſon of the great diſproportion 

between the Gravity of Oy! and Air, and thefide L O M of arounder, 

becauſe of the ſmaller difference between the weight of Oyl and Water. 

Laſtly, The g/ob»lar Figure will be changed,it the ambient be partly fluid 

and partly ſolid, And here the termination of the incompaſlied fixzd to- 

—_ the incompaſling is ſhap'd according to the proportion of the con- 

gruity or incongruity of the fluids to the ſolids, and of the gravity and 

incongruity of the flxids one to another. As ſuppoſe the ſubjacent xe- 

dium that hinders an included fluids deſcent,be a "= , as let K.], in the 

fourth Figure, repreſent the ſmooth ſuperficies of a Table; E G F H, a 

parcel of running Mercury; the fide G F H will bemore flatted, ac- 

cording tothe proportion of the incongruity of the Mercury and Air to 

the Wood,and of the gravity of Mercury and 4ir one to another 3 The ſide 
G E H will likewiſe be a little more depreſt by reaſon the ſubjacent 
parts are now at reſt, which were before in motion. 

Or further in the third Fignre, let A I L D repreſent an including ſo+ 
lid medium of a cylindrical ſhape ( as ſuppoſe a {mall Glaſs Jar ) Let 
F GE MM repreſent a contain'd fivid, as water this towards the bot- 
tom and ſides, is figured according to the concavity of the Glaſs : But its 
upper Srface, ( which by reaſon of its gravity, ( not conſidering at all 
the Air above it, and ſo neither the congruity or incongruity of etther of 
them tothe Glaſs ) ſhould be terminated by part of a Sphere whoſe dia- 
meter ſhould be the ſame with that of the earth, which to our ſenſe would 
appear a ſtraight Line, asF G E, Or which by reaſon of its having a 
greater congruity to Glaſs than Air has, ( not confideriog its Gravity ) 
would be thruſt into a coxcave Sphere, as C H B, whoſe diameter would 
be the ſame with that of the concavity of the Veſlel : _) Its upper Surface, 
I fay, by reaſon of its having a greater gravity then the Air, and having 
likewiſe a ren congruity to Glaſs then the Air has, is terminated, by a 
concave Elliptico-ſpherical Figure, as C K B. Forby its congruity it eaſily 
conforms it ſelf, and adheres to the Glaſs, and conſtitutes as:it were one 
containing body with it, and therefore ſhould thruſt the-contained Air on 
that ſide it touches it,into a ſpherical Figure, asB H C, -butthemotionof 
Gravity depreſling a little the Corners B and C, reduces tt intothe afore- 
faid Figure CK B, Now that itis the greater congruity. of one of the 
two contiguous fluids,then of the other,to the containing ſo/id,that cauſes 
the ſeparating ſurfaces to be. thus or thus figured : And:that itis not be- 
cauſe this or + figurated ſurface is more proper, natural; or peculiar to 
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one of theſe fluid bodies,then to the other,will appear from this z that the 
E ſame fluids will by being put intoditiering felids , change their ſarfeces. 
fa For the ſame water, which ma Glaſs or wooden Veſlel will have a can-- 
by cave ſurface upwards,and will riſe higher ina ſmaller then a greater Pipe, 
the ſame water, I ſay, inthe ſame Pipes greaſed over or oyled, will pre 
duce quite _—_ effects; for it will have a protuberant and comvex fur- 
face upwards, and will not riſe ſo high in fniall, as in bigger Pipes : Nay, 
in the very ſame ſolid Veſſel , you may make the very ſame two contigu- 
ous Liquids to alter their Surtaces; for raking a {mall Wine-glaſs,or fuch 
like Veſſel, and pouring water gently into it, you ſhall perceive the ſxr- 
face of the water all the way concave, till itriſe even withthe top, when 
you ſhall find it (if you gently and carefully pour in more ) to grow 
very protuberant and convex ; the reaſon of which is plain, for that the 
| ſolid ſides of the containing body are no longer extended , to which the 
| water does more readily adhere then the air; but it is henceforth to be 
£ included with air, which would reduce it into a hemiſphere, but by reaſon 
of its gravity, it is flatted into an Oval, gnicksilver allo which to Glaſs 
is more incongruous then Azir ( and thereby being put intoa Glaſs-pipe, 
will not adhere to it, but by the more congruons air will be forced to have 
a very protuberant furface, and to rife higher in a greater then a leſſer 
Pipe ) this Q##ckslver to clean Metal, eſpecially to Gold,Sikver,Tin. Lead, 
&c. Tron excepted,is more corgrnons then Air , and will not only ſtick to 
it,but have a conceve Surface like water, and riſe higher inaleſs, thenin a 
greater Pipe. 
In all theſe Examples it is evident , that there is an extraordinary and 
adventitions force, by which the globular Figure of the contained hetero- 
geneoxs fluid is altered 3 neither can it be iniagined, how it ſhould other- 
wiſe be of any other Figure then Globxlar : For being by the heterogene- 
oxs fluid equally protruded every way,whatſoever part is protuberant, will 
be thereby depreft. From this cauſe it is, that in its effefts jt does very 
much reſemble a roxnd Spring (ſuch asa Hoop..) For as in a round Spring \ 
there is required an additional preſſure againſt two oppoſite tides, to re- 
duce it into an Oval Form, or to force it in between the ſides of a Hole, 
whoſe Diameter is leſs then that of the Sprizg, there muſt be a cofſidera- 
ble force or protriſort againſt the cocave or inner fide of the Spring ; So 
to alter this ſpherical conſtituticn of an included fluid body , there is re- 
quired more preſſure againſt oppoſite ſides to reduce it into an Oval; and, 
to preſs it into an Hole leſs in Diameter then it ſelf, it requires a greater pro- 
truſcon againſt all the other ſides. What degrees of force are requifite 
to reduce them into longer and longer Ovals, or to preſs thett( into leſs 
and leſs holes, I have not yet experimentally calculated ; but thus much 
by experiment I find ingeneral , that thereis alwayes required a greater 
pong to cloſe them into longer 0vals, or protude them into ſmaller 
oles. The neceſlity and reaſon of this, were it requifite,l could eafily ex- 
plain: but being not fo neceſlary, and requiring more room and time 
then T have for it at preſent, I ſhall here omit it ; and proceed to fhew, 
that this may be preſently found true , if Experiment be made with a 
£2 
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round Spring ( the way of making which trials is obviows enough. ) And 
with the fluid bodies of Mercury, Air, &c, the way of trying which, will 
be ſomewhat more difficult ; and therefore I ſhall in briet deſcribe it. He 
therefore that would try with 4ir , muſt firſt be provided of a Glaſs-pipe, 
made of the ſhape of that inthe fifth Fignre , whereof the fide A B, re- 

ſents a ſtraight Twbe of about three foot long, C, repreſents another 
part of it,which conſiſts of a round Bubble ; ſo ordered,that there is left a 
paſſage or hole at the top, into which may be faſtened with cement ſeveral 
fl Pipes of determinate cylindrical cavities : as let the hollow of 
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There may be added as many more , as the Experimenter ſhall think fit, 
with holes continually decreaſing by known quantities, ſo far as his ſenſes 
are able to help him ; I ſay, ſo far, becauſe there may be made Pipes fo 
ſmall that it will be impoſſible to perceive the perforation with ones na- 
ked eye,though by the help of a —_— it may eaſily enough be per- 
ceived: Nay, I have made a Pipe perforated from end/to end, fo ſmall, 
that with my naked eye I could very hardly ſee the body of it, infomuch 
that I have been ableto knit it up into a knot without breaking : And 
more accurately examining one with my Aicroſcope, I found it not fo big 
as a ſixteenth part of one of the ſmaller hairs of my head which was of 
the ſmaller and finer ſort of hair, ſo that ſixteen of theſe Pipes bound fag- 
got-wile together, would but have equalized onelingle hair; how ſmall 
therefore muſt its perforation be? It appearing to me through the Afrcro- 
ſcope to be a proportionably thick-ſeded Pipe. 

To proceed then, for the trial of the Experiment, the Experimenter 
muſt place the T#be A B, perpendicular, and fill the Pipe F ( cemented in- 
to the hole E )) with water, but leave the bxbble C tull of Air, and then 
gently pouring in water into the Pipe A B, he muſt obſerve diligent! 
how high the water will riſe in it before it protrude the bxbble of Air C, 
through the narrow paſlage of F, and denote exactly the height of the 
cylinder of water , then cementing in a ſecond PipeasG, and filling it 
with water 3 he may proceed as withthe former , denoting likewiſe the 
height of the Cylinder of water, able to protrude the bxbble C through 
the paffage of G, the like may he do with the next Pipe,and the next,@*c. 
as far ashe isable : then comparing the ſeveral heights of the Cylinders, 
with the ſeveral holes through which each Cylinder did force the air ( ha- 
ving due regard tothe Cylinders of water in the ſmall Tubes) it will be 
very eafie to determine, what force is requiſite to preſs the Air in- 
to ſuch and ſuch 4 hoſe, or (to apply it to ourpreſent m__— ) 
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how much of the preſſure of the Air is taken off by its ingreſs into ſmal- 
ler and ſmaller holes, From the application of which to the entring of 
the Air into the bigger hole of the Veſſel, and into the ſmaller hole of the 
Pipe, weſhall clearly find, that there isa greater preſſure of the air upon 
the water in the Veſſel or greater pipe, then there is upon that in the leſſer 
pipe: For {incethe preſlure of the air every way 1s found to be equal, 
that is, as much asis able to preſs up and ſuſtain a Cylimder of @ricksifver 
of two foot and a half high, or thereaboutsz And ſince of this preſſure 
ſo many more degrees are required to force the Air into a ſmaller then 
into a greater hole that is full of a more congruous fluid. And laſtly, 
fince thoſe degrees that are requiſite to preſs it in, are thereby taken off 
from the Air within, and the Air within left with ſo many degrees of 
preſjure leſs then the Air without 3 it will follow, that the Air in the leſs 
Tube or pipe , will have leſs preſſure againſt the ſuperficies of the water 
therein, then the Air in the bigger : which wasthe minor Propoſition to 
be proved. 

The Concluſion therefore will neceſſarily follow, vis. That this nne+ 
qual preſſure of the Air cauſed by its ingreſs into unequal holes, is a cauſe ſuſfi- 
cient to produce this effet , without the help of any other concurrent ;, and 
therefcre is probably the principal (if not the only) cauſe of theſe Pheno- 
mena. | 

This therefore being thus explained , there will be divers Phenomena 
explicable thereby, as, the riſing of Lzqzors in a Filtre, the rifing of Spirit 
of Wine, Oyl, melted Tallow, Cc. in the Week, of a Lamp, ( though made 
of ſmall Wire, Threeds of Asbeſt#s, Strings of Glaſs, or the like ) the riling 
of Liquors in a Spunge, piece of Bread,Sand, ec. perhaps alſo the aſcend- 
ing of the Sap in Trees and Plants, mo—_ their (mall, and ſome of them 
imerceptible pores, (of which Lhave faid more, on another occaſion ) at 
leaſt the paſſing of it out of the earth intotheir roots, And indeed up- 
on the conſideration of this Principle , multitudes of other uſes of it oc- 
curr'd tome, which I have not yet ſo well examined and digeſted as to 
propound for Axioms, but only as @wcrics and ConjeFures which may 
ſerve as hints toward ſome further diſcoveries. 

As firſt, Upon the conſideration of the congruity and incongruity of Bos 
dies,as to touch, I found allo the like corgruity and incongruity (if Imay 
ſo ſpeak )) as to the Tranſmitting of the Rates of Light : For as in thisre- 
gard.water ( not now to mention other Liquors) ſeems nearer of affini- 
ty to Glaſs then Air,and Air then Qricksilver : whence an oblique Ray out 
of Glaſs, will pals into water with very little refraiox from the perperdi- 
cular, but none out of Glaſs into Arr, excepting a dire&, will ba without 
a very great refraction from the perpendicular, nay any oblique Ray un- 
der thirty degrees, will not be admitted into the Air at all. And 9nick 
filver will neither admit oblique or direct, but refleCtsall ; ſeeming, as to 
the tranſmitting of the Rates of Light, to be of a quite differing conſti- 
tution,from that of 4ir,Water,Glaſs, &c. and to reſemble moſt thoſs opa- 
cous and ſtrong reflecting bodies of Metals: So alfo asto the property of 
coheſion or congruity , Water ſeems to keep the ſame order, being 
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more congruous to Glaſs then Air , and Air then Quickfilver. 

A Second thing ( which was hinted to me, by the conſideration of the 
included fluids globular form , cauſed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Phenomena of gravity might not 
by this means be explained,by ſuppoſing the Globe of Earth, Water, and 
Air to be included with a fid,, heterogeneous to all and each of them, 
ſo-ſubtil , as not only to be every where interſperſed through the Air, (or 
rather the air through it ) but to pervade the bodies of Glaſs, and even 
the cloſeſt Metals, by which means it may endeavour to detrude all carth- 
ly bodies as far from it as it can 3 and partly thereby,and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is ſome ſuch fluid,I could produce many Experiments and Rea- 
ſons, that do ſeem to prove it : But becauſe it would ask ſome time and 
room to ſet them down and explain them, and to conſider and anſwer all 
the Objeftions ( many whereof | foreſee ) that may be alledged againſt 
it; I ſhall at preſent proceed to other &xeries,contenting my ſelt- to have 
here only given a hint of what I may ſay more el{where. 

A Third Swery then was , Whether the heterogeneity of the ambient 
finid may not be accounted a ſecondary cauſe of the ronundneſs or globular 
form of the greater bodies of the world,fuch as are thoſe of the Sun,Stars, 
and Planets, the ſubſtance of each of which ſeems altogether heterogene- 
o#5 to the circum-ambient fluid ether? And of thisI ſhall ſay more in the 
Obſervation of the Moon. 

A Fourth was, Whether the globular form of the ſmaller parcels of 
matter here upon the Earth, as that of Fruits, Pebbles, or Flints , &*c, 
ona ſeem to have been a Liquor at firſt ) may not be cauſed by the 

terogeneows ambient fluid, For thus we ſee that melted Glaſs will be 
naturally formed intoa round Figure; ſo likewile any ſmall Parcel of any 
faſible body , if it be perfetly encloſed by the Air , will bedriven into a 
globular Form ; and,when cold, will be found a ſolid Ball. This is ; nn. 


enough manifeſted to us by their way of making /hot with the drops of 


Lead; which being a very _ curiofity and known but roa very few, 
and having the liberty of publiſhing it granted me, by that Eminent Vir- 
txoſo Sir Robert Moray , who brought in this Account of it to the Royal So- 
ciety, I have here tranſcribed and inſerted. 


To make ſmall ſhot of different fizes ; Communicated by his 
Highneſs P. R. 


Ake Lead out of the Pig what quantity you pleaſe, melt it down, 
flir and clear it with an iron Ladle , gathering together the 
blackiſh parts that ſwim at top like ſcum, and when you ſee the co- 
lour of the clear Lead to be greeniſh,but no ſooner, firew upon it Auri- 


plgmentum 


or STR 
n -»% - has 
"4 ES 


: 
5 
% 
>) 
OY 
. 
F) 


-"» 


SO - A 


__ | 
mth + > 
x So» 


MicCROGRAPHIA. 


pigmentum powdered according to the quantity of Lead, about a4 
much as will the upon a half Crown piece will ſerve for. eighteeht or 

twenty pound weight of ſome forts of Lead ; others will require more, or 

leſs. After the Auripigmentum is put in, ſtir the Lead well, and the 

Auripigmentum will flame : when the flame 3 over, take out ſonte 

of the Lead in a Ladle having a lip or notch in the brim for convent- 

ent pouring out of the Lead,and being well warmed amongſt the melted 
Lead, and with a ſtick. make ſome ſingle drops of Lead trickle out of 
the Ladle into water in a Glaſs , which if they fall to be round antl 
without t1ils, there is Auripigmentum enough put in, and the temper 

of the heat is right, otherwiſe put in more. Then lay two bars of Iron 

( or ſome more proper Iron-!ol made on purpoſe ) upon a Pail of was 

ter,and place upon them a round Plate of Copper, of the ſize and figure 

of an ordinary large Pewter or Silver Trencher, the hollow wheredf is to 

be abort three inches over , the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more ſmall holes; the ſmaller the 

boles are, the ſmaller the ſhot will be; and the brim us to be thicker then 

the bottom.,to conſerve the heat the better. 

The bottom of the Trencher being ſome four inches diſtant frum the 
water in the Pail,lay upon it ſome burning Coles,to keep the Lead melt- 
ed upon it, Thenwith the hot Ladle take Lead off the Pot where it 
ſtands melted, and pour it ſoftly upon the burning Coles over the bottont 
of the Trencher, and it will immediately run through the holes: into the 
water in ſmall round drops. Thus pour on new Lead ſtill as faſt as 
it runs through the Trencher till all be done ; blowing now and then 
the Coles with hand-Bellows, when the Lead in the Trencher cools ſo 2s 
to ſtop from running. 

Whilſt one pours on the Lead, another muſt, with another Ladle, 
thruſted four or five inches under water in the Pail , catch from time 
to time ſome of the ſhot,as it drops down, to ſee the ſize of it, and whether 
there be any faults in it. The greateſt care 45 to keep the Lead upon. 
the Trencher in the right degree of heat ; if it be too cool ,, it will not 

run through the Trencher, though it ſtand melted upmn it ; and this 18 to 
be 
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be belped by blowing the Coals a little , or pouring on new Lead that is 
hotter + but the cooler the Lead the larger the Shot; and the hotter ghe 
ſmaller ; when it is too hot, the drops will crack. and fly; then you 
muſt. ſtop pouring on new Lead,and let it cool; and ſo long as you ob- 
ſerve the right temper of the heat, the Lead will conſtantly drop into wery 
round Shot, without ſo much as one with a tail in manypounds. 

When all is done, take your Shot out of the Pail of water, and put it 
ina Frying-pan over the fire to dry them , which muſt be done wariky, 
till ſhaking them that they melt not ; and when they are dry you may 
ſeparate the ſmall from the great , in Pearl Sives made of Copper or 
Lattin let into one another, into as many ſizes as you pleaſe, But if 
you would have your Shot larger then the Trencher makes them , you 
may do it with a Stick.,, making them trickle out of the Ladle, as hath 
been ſaid. Ty 

If the Trencher be but toucht a very little when the Lead ſlaps from 
going through it, and be not too cool, jt will drop again, but it is better 
not to touch it at all. At the melting of the Lead'take care that there 
be no kind of Oyl, Greaſe, or the like, upon the Pots, or Ladles,or Tren- 
cher. | 

The Chief cauſe' of this Globular Figure of the Shot, ſeems to be the 
Auripigmentum ; for, as ſoon asit is put in among the melted Lead, 
it loſes its. ſhining brightneſs, contrafling inſtantly a grayiſh film or 
shin upon \it., when you ſcum it ta make it clean with the Ladle, So 
that when the Air comes at the falling drop of the melted Lead, that 
thin conftrifis them every where equally : but upon what account, and 
whetber this be the true cauſe, is left to further diſquiſition, 


Much after this fame manner, whenthe Air is exceeding cold'through 
whichit palles, do we find the drops of Rain, falling from the Clouds, 
congeated into round: Haul-ftonesby the freezing Ambient. = 

To: which 7 beadded this other known Experiment, That if you 
gently letfall a drap of water upon ſmall fazd or duſt, you ſhall find. as it 
were, ah'a#tificial row ſtove quickly generated. Fcannct upon this oc- 
calion:omit the mentioning of the {frange kind of Graz , which F have 
obſerved.in a ſtoxe brought-from Kettering in Northamptonſhire;and there-, 
fore calted''by Maſous Kertering-Stone , of hich fee the Deſcription. 
» Which 
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Which brings into my mind what I long ſince obſerved in the fiery Sparks 
that are ſtruck out of a Steel. For having a great deſire to ſee what wag 
left behind, aſter the Spark was gone out, I purpoſely ſtruck fire over a 
very white piece of Paper, and obſerving diligently where ſome conſpi- 
cuous ſparks went out , I found a very little black ſpot no bigger then 
the point of a Pin, which through a 4ficroſcope appeared to be a perfeCt- 
ly round Ball, looking much like a poliſh ball of Steel, infomuch that 
I was able to ſee the Image of the window reflefted from it. Icannot 
here ſtay ( having done it more fully in another place ) to examine the 

articular Reaſcns of it, but ſhall only hint, that I imagine it to be ſome 
Fall parcel of the Steel, which by the violence of the motion of the 
ſtroke ( moſt of which ſeems to be 1mpreſt upon thoſe ſmall parcels ) is 
made ſo glowing hot, that it is melted into a Vitram, which by the ambi- 
ent Air is thruſt into the torm of a Ball. 


A Fifth thing which I thought worth Exatnination was, Whether the 
motion of all kind of Springs , might not be reduced to the Principle 
whereby the included heterogeneons fluid ſeertis to be moved ; or to that 
whereby two Solids, as Marbles, or the like, are thruſt and kept togerhet 
by the ambient flaid. 

A Sixth thing was, Whether the Riſing and Ebullition of the Water out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superticies of the Sea, from whence it ſeems to be derived) 
may not be explicated by the riſing of Waterina ſmaller Pipe : For the 
Sea-water being ſtrained through the Pores or Crannies of the Earth, is, 
as it were, included in little Sy where the preſſure of the Air has not 
ſo great a power to reſiſt its riling : But examining this way, and finding 
in it ſeveral difficulties almoſt irremoyable, I thought upon a way that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glaſs-Tube, of the form of that 
deſcribed in .b ſixth Figure, and chuling two heterogeneons fluids, ſuch 
as Water and Oyl, I poured in as much Water as filled up the Pipes ag 
high as A B, then putting in ſome Oyl into the Tube AC, I depreſt the 
ſuperficies A of the Water to E, andBI raiſed to G, which wasnot fo 
high perpendicularly as the ſuperficies of the Oyl F, by the ſpace F TI, 
wherefore the proportion of the gravity of theſe two Liquors was as 
GHtoFE. 


This ExperimentI tried with ſeveral other Liquors, and particularly 
with freſh Water and Salt ( which I made by diſlolving Salt in warm 
Water ) winch two though they are nothing heterogeneous, yet before 
they would perfectly mix one with another, I made trial of the Experi- 
ment - Nay, letting the Tube wherein tried the Experiment retnain for 
many dayes, I obſerved them not to mix ; but the ſuperficies of the freſh 


| was rather more then leſs elevated above that of the Salt. Now the 


proportion of the gravity of Sea-water, to that of River-water, accord- 

ing to Stevirns and Varenins, and as | havelinee found pretty true by 

making trial my ſelf, isas 46. to 45. that is, 46. Ounces of the ſalt Wa- 
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ter will take up no more room then 45. of the freſh. Or reciprocally 
45 pintsof falt-water weigh as much as 46 of freſh, 
Bur I found the proportion of Brine to freſh Water tobe near 1Zto 12: 
Suppofing therefore G H M to repreſent the Sea, and F I the height of 
the Mountain above the Superficies'of the Sea, F M a Cavern in the 
Earth, beginning at the bottom of the Sea, and terminated at the w of 
the Mountain, L M the Sand at the bottom, through which: the Water 
is as it were ſtrained , fo as that the freſher parts are only permitted eg 
tranſude;and the ſaline kept back ; if therefore the proportion of G M 
toF Mbeas45 tog6, then may the Cylinder of Salt-water G M make 
the Cylmder of Frefh-water to riſe as high as E, and torun: over at N, 
F cannot here ſtand to examine or confute their Opinion , whomake the 
depth of the Sea, below its Superficies, to be no more perpendicularly 
meaſured then the height of the Mountains above it: Tis enough for 
me to ſay, there isno one of thoſe that have aſſerted it, have experimen- 
tally known the perpendicular of either ; nor ſhall I here determine,whe- 
ther there may not be many other cauſes of the ſeparation of the freſh 
water from the falt , as perhaps ſome parts of the Earth through whichir 
is to paſs, may contain a Salt , that mixing and uniting with the Sea-ſalt, 
may precipitate it ; much after the ſame manner as the Alkalizate and 
Acid $alts mix and precipitate each other in the preparation of Tarta- 
rum Vitriolatum. T know not alſo whether the exceeding cold ( that 
muſt neceflarily be ) at the bottom of the Water, may not help towards 
this ſeparation , for we find , that warm Water is able to diffolve and 
contain more Salt , then the fame cold ; inforquch that Brines ſtron 
impregnated by heat, if tet cool, doſuffer much of their Salt tofubfrde 
and cryſtallize about the bottom! and fides. I know not alſo whether 
the exceeding preſſure of the parts of the Water one agaiuift another, 
may not keep the Salt from deſcending to the very bottom , as fmdin 
tittle or no room to inſert it ſelf between thoſe parts , protruded fo vio- 
tently together , or elſe ſqueeze it upwads into the fuperiour partsof the 
Sea, where it may more eafily obtain room for it ſelf, amongſt the parts 
of the Water , by reaſon that there is more heat and leſs preffiire. To 
this Opinion I was fomewhat the more induced by the relationsI have 
met with ih Geographical Writers, of drawing freſh Water from the bot- 
tom'of the Sea , which is ſalt above. I cannot now ſtand to examitie, 
whether this natural perpetual motion may not artificially be imitated : 
Nor can I ſtand to anſwer the ObjeCtions which may be made againſt this 
my Suppoſition : As, Firſt, How it comes to paſs,that there are ſometimes 
falt Springs much higher then the Superficies of the Water? And, Se 
eondly,Why Springs do not run faſter and ſlower, according to the vary- 
ing height made of the Cylinder of Sea-water, by the ebbing and-flow- 
ing of the Sea ? 

As to the Firſt, In ſhort, I fay, the freſh Water may receive again a, 
faline Tincture near the Superficies of the Earth, by paſſing through 
ſothe falt 44es, or elſe many of the ſaline-parts of the Seamay be kept: 
back, though not all. | 

And 
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And as to the Second, The ſame Spring may be fed and ſupplyed by 
divers Caverns, coming from very far diſtant partsof the See , fo as that 
it may in one. place be high, inanother low water; and ſo by thattmeans 
the Spring may be equally ſupply'd atall times. Or elſe the Caverx may 
be fo ſtraight and narrow , that the water not having ſo ready and free 

aſlage through it, cannot upon ſo ſhort and quick mutations of. preffure, 
be able to produce any ſenſible effect at ſuch a diſtance, Beſfdes: that, 
to confirm this hypotheſis, there are way Ito wa found in Natwrdl 'Hifo- 
rians,of Springs that do ebb and flow like the Sea : As particularly,thoſe 
recorded by the Learned Camden, and after him by Speed, to be found in 
this lard : One of which,they relate to be on the Top of a Mountain, 
by the ſmall Village Kilken in Flintſhire , Maris emmlus qui ſtatis tempo» 
ribus ſuas evomit & reſorbet Aquas 5 Which at certain times riſcth -and 
falleth after the manner of the Sea, A Second in Caermardenſhive, 
near Caermarden, at a place called Cantred Bichan ; @ni ( ut ſcribit'Gi+ 
raldus ) naturali die bis undis deficiens, &- toties exuberans , marinas 
imitatur inſtabilitates ;, That twice in four and twenty hours ebbing and 
flowing , reſembleth the unſtable motions of the Sea, The Phenomena 
of which two may be cafily made out, by ſuppoling the Cavere, by which 
they are fed , to ariſe from the bottom of the next Sea. A Third, is a 
Well upon the River Ogmore in Glamorgazſpire, and near unto Newton, of 
which Camden relates himſelf to be certified, by a Letter from a Learned 
Friend of his that obſerved it, Fors abeſt hinc, &c. The Letter is alittle 
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too long to be inſerted,but the ſubſtance isthis 3 That this Well ebbs and ; 


flows quite contrary to the flowing and ebbing of the Sea in thoſe parts : 
for 'tisalmoſt empty at Full Sea, but full at Low water. This may ha 
en from the Channel by which it is ſupplied , which may come from the 
ttom of a Sea very remote from thoſe parts , and where the Tides are 
much differing from thoſe of the approximate ſhores. A Fourth, liesin 
Weſtmorland, near the River Loder 5 @ni inſtar Euripi ſepiws in die reci- 
procantibus undis fluit &- refluit , which ebbs and flows many times a day, 
This may proceed from its being ſupplyed from many Channels, coming 
from leveral parts of the Sea, lying ſufhciently diſtant aſunder to have the 
times of High-water differing enough one from the other ; ſo as that 
whenſoever it ſhall be High water over any of thoſe places, where theſe 
Channels begin, it ſhall likewiſe be ſo in the Well 3 butthisis buta ſuppo- 
lition. 

A Seventh Qzery was, Whether the diſo/xtion or mixing of ſeveral bo- 
dies, whether tiuid or ſolid, with faline or other Liquors,might not partly 
be attributed to this Trpeges of the congruity of thofe bodies and their 
diſſolvents? As of Salt in Water,Metals in ſeveral Merſtruxrs, Unttuous 
Gums in Oyls, the mixing of Wine and Water, &c. And whether preci- 
pitation be not partly made from the ſame Principle of Incongruity ? 1 
lay partly, becauſe there are in ſome Dijlolutions,fome other Cauſes con- 
current, - {Mt ene: | 

I ſhall laſtly make a much more ſeemingly ſtrange and unlikety @zery 3 
and that is, Whether this Principle, wel examined and explained, may 

2 not 
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not be found a cient in the moſt conſiderable Operations of Na- 
ture? As inthoſe of Heat,and Light,and conſequently,of KarefatFior and 
Condenſation, Hardneſs, and Fluidneſs, Perſpicuity and Opaconſneſs,Refr atFi- 
ons and Colowrs, &c. Nay,l know not whether there may be many things 
done in Nature,in which this may not ( beſaid to) have a Finger? This 
I have in ſome other paſſages of this Treatiſe further enquired into and 
ſhewn, that as well Light as Heat may be cauſed by correſion,which is ap- 
PIE to congrnity,and conſequently all the reſt will be but ſubſequents: 
the mean time I would not willingly be guilty of that Error,which the 
thrice Noble and Learned Yer»lam juſtly takes notice of, as ſuch,and calls 
Philoſaphie Gennes Empiricum , quod in paucorum Experimentorum Anguſtiis 
& Obſcuritate fundatum eft. For I neither conclude from one fingle Expe- 
riment,nor are the Experiments I make uſe of.all made upon one Subject : 
Nor wreſt I any Experiment to make it quadrare with any preconceiy'd 
Notion. But onthe contrary , I endeavour to be converſant in divers 
kinds of Experiments, and all and every one of thoſe Trials, I make the 
Standards or Touchſtones, by which I try all my former Notions, whether 
they hold out in weight, and meaſure,and touch, &-c. For as that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( ſuch asare the Malleablene(s, Weight, Colour. Fixtneſs 
in the Fire,Indiſlolubleneſs in Aqua fortis,and the ke ) though it has all 
the other 3 ſo will all thoſe Notions be found to be falſe and deceitful, 
that will not undergo all the Trials and Teſts made of them by Experi- 
ments. And therefore ſuch as will not come up to the defired Apex of 
Perfection, I rather wholly reje& and take new, then by piecing and 
tching,endeavour to retain the old,as knowing ſuch things at beſt to be 
[2x lame and imperfe&t. And this courſeT learned from Nature ; whom 
we find neglectful of the old Body, and ſuffering its Decaies and Infirmi- 
ties to remain without repair , and altogether follicitous and careful of 
perpetuating the Species by new Individuals. And it is certainly the moſt 
likely way to erect a glorious Structure and Temple to Nature, ſuch as ſhe 
wiltbe 
new 


found ( by any zealors Yetary ) torefide in; to begin to build a 

a fure Foundation of Experiments, | 
But to digreſs no further from the conſideration of the Phenomena, 
more immediately explicable by this Experiment, we ſhall proceed ta 
ſhew, That, asto the riſing of Water in a Filtre, the reaſon of it will be 
manifeſt to him,that does take notice,that a Filtre is conſtituted ofa great 
number of ſmall long ſolid bodies, which lie fo cloſe tegerher, that the 
Air in its getting in between them , doth loſe of ts preſture that it has a- 
| the Fluid without them, by which means the Water or Liquor not 
ing ſoſ{trong a reſiſtance between them as is able to counter-baltance 
the go on its fuperfictes withour, ts raiſed upward, till it meet with a 
prefiure of the Air which is able to hinder it. And as to the Rifing of 
Oyl, melted 'Tallow, Spirit of Wine, &-c. inthe Week of a Candleor 
Lamp, it is evident, that it differs in nothing from the former, fave only 
ip this, that in a Fzhtre the Liquor deſcends and runs away by. another 
part ; .and: in the Week the Liquor is diſperſed and carried ivy by the 


Flame 5 


MickoOGRAPHIA. 


Flame 3 ſomething there is aſcribable to the Heat , for that it thay rarifie 
the more volatil and ſpirituous parts of thole combuſtible Liquors, and {6 
being made lighter then the Air , it may be protruded upwards by that 
more ponderous fluid body in the Form of Vapours ; but this can be 
aſcribed to the aſcenfion of but a very little,and moſt likely of that ons 
ly which aſcends without-the Week. As for the Riſing of it in a Spunge, 
Bread,Cotton.G&c. above the ſuperficies of the ſubjacent Liquors what 
has been ſaid about the Filtre' ( if confidered ) will eafily ſuggeſt 4 
reaſon , conſidering that all theſe bodies abound with ſriall holes ot 


res. | 
From this ſame Principle alſo ( viz. the wequal preſſure of the Ait 4+ 
gainſt the unequal ſuperficies of the water ) proceeds the caule of the ac: 
ceſſon or incurſion of any floating body againſt the fides of the con4 
raining Veſlel, or the appropinquatzon of two floating bodies, as Bubble, 
Corks, Sticks, Straws, &t. one towards another. As for inſtance, Take 
a Glaſs-jar, ſuch as AB inthe ſeventh Figure, and filling it pretty near the 
top with water , throw into it a ſmall round piece of Cork, as C, and 
plunge it all over in water , that it be wet , foas that the water may riſe 
up by the ſides of it,then placing it any where upon the ſuperficies, about 
an inch,or one inch and a quarter from any fide, and you ſhall perceive it 
by degrees to make perperdicnlarly toward the neareſt part of the fide, 
and the nearer it approaches , the faſter to be moved; the reaſon of 
which Phenomenon will be found no other then this, that the Air has a 
reater preſſure againſt the middle of the ſaperficies , then it has againſt 
aſe parts that approach nearer, and are cortignows to the fides. Now 
that the preſſure1s greater , may ( asIſhewed before inthe explication 
of the third Figxre _) be evinced from the flatting of the watet in the 
middle, which ariſes from the gravity of the under finid : for ffnce, as 1 
ſhewed before,if there were go gravity in the under ffrid,or that it were 
equal tothat of the upper , the terminating Surface would be 8pherical, 
and ſince it is the additional preflure of the gravity of water that makes 
it ſo flat, it follows, that the preflure upon the middle muft be greater then 
towards the fides. Hence the Ball having a ſtronger preſſure agatoſt that 
fide of it which reſpects the middle of the faperficies , then agaitift that 
which reſpects the approximate lide , muft neceffarily move towards that 
part, from whenee it finds leaſt reſiftance, and fo be accelerated, as the re- 
tiſtance decreaſes. Hence the more the water is raifed under that part 
of its way it ts paſſing above the middle, the faſter it is moved : And 


| therefore you will find it to move fafter mE ther in D, and in D chen 


in C. Nether could I find the floating ſubſtance to be moved at if}, un- 
tf] it were placed upon fome part of the Swperficies that was ſenlibly ele- 
vated above the height of the middle part. Now that this may be the 
true cauſe, you may try with a blown Bladder, andart exattly round Ball 
upon 2 very ſmooth ſide of ſome pliable wouy , as Horn or Onichsalver, 
For if the Balt be placed under a part of *the Bladder which is wpon' one 
fide of the middfe of its*preſfure , and you prefs ſtrongly againft the 
Bladder,you fthall find the Ball moved from the middÞ towardsthe ſides. 

Having 
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Having therefore ſhewn the reaſon of the motion of any float towards 
the ſides, the reaſon of the incurſion of any two floating bodies will eaſi- 
ly appear : For the riſing of the water againſt the ſides of either of 
thee: bo an Argument ſufficient,to ſhew the preſſure of the Air to be there 
Jeſs,then it is further from it,where it is not ſo much elevated z and there- 
fore the reaſon of the motion of the other toward it , will be the ſame as 
towards the fide of the Glaſs 3 only here from the ſame reaſon, they are 
mutually moved toward each other , whereas the fide of the Glaſs in the 
former remains fixt. If alſo you gently fill the Jar ſo full with water, 
that the water 1sprotuberant above the fides, the ſame piece of Cork that 
before did haſten towards the fides, does now fly from it as faſt towards 
the middle of the Superficies; the reaſon of which will be found no 0- 
ther then this, that the preſſure of the Air is ſtronger againſt the ſides of 
the Superficies G and H, then againſt the middlel ; for ſince, asI ſhewed 
before, the Principle of congruity would make the terminating Surfac 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters preſſure outwards, by the contrary indeavour 
of its gravity 3 it follows that the preſſure in the middle mult be leſs then 
on the ſides; and therefore the conſecution will: be the ſame as in the 
former. Itis very odd to one that conſiders not the reaſon of it , to ſee 
two floating bodies of wood to approach each other,as thoughthey were 
indued with ſome magnetical vigour ; which brings into my,mind what I 
formerly tried with a piece of Cork or ſuch like body, which I fo order- 
ed, that by putting a little ſtick into the ſame water, one part of the ſaid 
Cork would approach and make toward the ſtick, whereas another 
would diſcede and fly away,nay it would have a kind of verticity , ſo as 
that if the Zqnator (as I may fo ſpeak ) cf the Cork were placed to- 
wards the ſtick, if let alone, it would inſtantly turn its appropriate Pole 
toward it,and then run a-tilt at it:and this was done only by taking a dry 
Cork, and wetting one fide of it with one {mall ſtroak ; tor by this means 
gently putting it upon the water, it would depreſs the ſuperficies on eve- 
ry fide of it that was dry, and therefore the greateſt preſſure of the Air, 
being near thoſe ſides cauſed it either to chaſe away,or elle to fly oft from 
any other floating body, whereas that ſide only, againſt which the water 
aſcended, was thereby able to attract. 

It remains only, that I ſhould determine how high the Water or other 
Liquor: may by this means be raiſed in a ſmaller Pipe above the Superfi- 
cies of that without it , and at what height it may be ſuſtained : But to 
determine;this, will be exceeding difficult, unleſs I could certainly know 
how much of the Airs preſſure 1s taken oft by the ſmalneſs of ſuch and 
ſuch a Pipe,and whether it may be wholly taken off,that is,whether there 
can be a hole or pore ſo ſmall, into which Air could not at all enter, 
though water might with its whole force ; for were there ſuch , 'tis mani- 
feſt, thatthe water might riſe in it to ſome five or {1x and thirty Engliſh 
Foot high. I know not whether the capillary Pipes in the bodies of ſmall 
Trees, which we call their 2croſcopical pores,,may not be ſuch z, and whe- 
ther the congruity of the ſides of the Pore may not yetdray the juyce 
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even lugher then the Air was able by its bare preflure to raiſe it : For, 
Congruty is a principle that not only unites ahd holds a body joyned to 
it, but, which 1s more, attracts and drawsa body that is very nearit, and: 
holds it above its uſual herght. | 

And this is obviatiseven in a drop of water fuſpended nnder- any. $ 
milar or Congruous body : For,befides the ambient preflure that helps ta 
keep it fuſtem'd, there isthe Congruity of the bodies that are contign- 
ous. This is yet more evident in Tenactous and Ghinous bodies; fuch 
as Gummous Liquors, Syrups, Pitch, and Roſin melted, &c. Tar, Trir- 
pentine, Balſom, Bird-lime, ee. for there it is evident, that the Parts 
of the tenacious body, as I may fo call it, doſtick and adhere fo cloſe+ 
ly together, that though drawn out into long and-very ſlender Cylin« 
firs yet they will not eafily Pa. one another and this, though 
the bodies be aliquateres fluid, and mmotion by one another whi 
to fuch as conſider a fluid body only as its parts are in a confuſed: irregu- 
lar motion, without taking in alſo the congruity of the parts one among; 
another, and incongruity to ſome other bodies, does appear not alittle 
ftrange. So' that belides the incongruity of the ambient thatd to it, we 
are to conſider allo the congruity of the parts of the contein'd fluid one 
with another. 

And this Congruity (that I may here alittle further explain it}) is both 
a Tenaceous and an Attractive power ; for the Congruny, in the Vi- 
brative motions,may be the cauſe of all kind of attraction, not only Ele- 
frical, but Magnetical alfo, and therefore it may be alſo of Tenacity 
and Glutinouſneſs. For, from a perfe&t congrmty of the motions of.two 
diſtant bodies, the intermediate fluid particles are feparated and: dro- 
ven away from between them, and thereby thoſe: congruous bodies are, 
by the incompaſſing mediums, compell'd and Re. þ neerer together ; 
wherefore that attraEiveneſs muſt needs be ſtronger, when, by an im- 
mediate contact, they are forc'd to be exactly the fame: As I ſhew more 
at large in my Theory of the Magnet. And this hints to me the reaſon of 
the ſuſpenſion of the Mercnry many inches, nay many feet, above the uſu- 
al ſtation of 3o inches. For the parts of @uick-itver, being fo: yery 
ſimilar and congruous to each other, if once united, / will hot eafily ſuffer 
a divulfion: And the parts of water, that were any wayes heterogemeons, 
being by exantlation or rarefaction exhauſted, the remaining parts bem 
alſo very ſimilar, willnot eafily part nenher. And the partsof the Gl 
being ſolid, are more ditticultly hejoyn'd; and the water, being; ſome- 
what fimilar to both, is, as it were, a medium to unite'/both the Glfo and 
the Mercury together, So that all three being united, md not very dif- 
ſimilar, by means of this contact, if care be taken that the: Tube ine- 
retting be not ſhogged, the @urcksitver will remain ſuſpended, notwith- 
ſtanding its'contrary indeavour of Gravity , a great height above its or- 
dinary Station; bur if this immediate Conta&t be removed , exther by a 
meer ſeparation of them one from another by the force of a ſhog, where- 
by the other becomes imbodied between them , and licks up from the 
ſurface ſome agil parts , and ſo hurling them makes them air z or elſe 
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ſome ſmall heterogeneous agil part of the Water, or Air, or Quick- 
filver, which appears like a bubble, and by its jumbling to and fro there is 
made way for the heterogeneons ther to obtrude it ſelf between the 
Glaſs and either of the other Fluids, the Gravity of Aercary precipitates 
it downward with very great violence 3 and if the Veſſel that holds the 
reſtagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large reciprocations, and at laſt will remain kept up by 
the preſſure of the external Air at the height of neer thirty inches. And 
whereas it may be objected, that it cannot be, that the meer imbodyin 
of the Ether between theſe bodies can be the cauſe,ſince the #ther ha- 
ving a free paffage alwayes , boththrough the Pores of the Glaſs, and 
through thoſe of the Fluids , there is no reaſon why it ſhould not make a 
ſeparation at all times whilſt it remains ſuſpended, as when it is violently 
diſ-joyned by a ſhog. To this I anſwer , That though the A#ther paſſes 
between the Particles, that is, through the Pores cf bodies, fo as that any 
chaſme or ſeparation being made , it has infinite paſlages to admit its en- 
try intoit, yet ſuch 1s the —_— or attraCtive virtue of Congruity, that 
till it be overcome by the meer ſtrength of Gravity, or by a ſhog aſliſtin 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi- 
tated by the Ztber ; and thereby the parts of the congruous ſubſtances 
are ſeparated ſo far aſunder , that the ſtrength of congruity is fo far wea- 
kened.,asnot to be able to reunite them, the parts to be taken hold of be- 
ing removed out of the attractive Sphere, as I may ſo ſpeak, of the con- 
gruity ; ſuch, I ſay, is the tenacity of congruity, that it retains and holds 
the almoſt contiguous Particles of the Fluid , and ſuffers them not to be 
ſeparated, till by meer force that attractive or rerentive faculty be over- 
come : But the ſeparation being once made beyond the Sphere of the 
attraCtive aftivity of congruity , that virtue becomes of no effett at all, 
but the Mercury freely falls downwards till it meet with a refiſtance from 
the preſſure of the ambient Air, able to reſiſt its gravity, and keep it for- 
ced up in the Pipe tothe height of about thirty inches. 

Thus have I gently raiſed a Steel perdulumby i Loadſtone to a great 
Angle.till by the ſhaking of my hand I have chanced to make a ſepara- 
tion between them, which is no ſooner made, but as if the Loadſtone had 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vaſta difference is there between the attractive vir- 
tue of the Magnet when it atts upon a contiguous and upon a disjoyned 
body : and much more muſt there be between the attractive virtues of 
congruity upon a contiguous and disjoyned bedy 3 and in truth the attra- 
five virtue 1s fo little upon a body disjoyned, that though I have with a 
Microſcope obſerved very diligently , whether there were any extraordi- 
nary protuberance on the fide of a drop of water that was exceeding neer 
to'the end of a green ſtick, but did not touch it, I could not perceive the 
leaſt 3 though I found, that as ſoon as ever it toucht it the whule drop 
would preſently unite it ſelf with itz fo that it ſeems an abſolute con- 
taCt is requiſite to the exerciſing of the tenacious faculty of congruity. 
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Obſerv, VII. Of ſome Phznomena of Glaſs drips. 


- Glaſs Drops are ſmall [parcels of coarſe green Glaſs taken out of 
the Pots that contain the Metal ( as they call it) in fuſion, upon the 
end of anIron Pipe 3 and being exceeding hot, and thereby of a kind of 
ſluggiſh fluid Confiſtence, are ſuffered to drop from thence into a Bucket 
of cold Water, and in it tolye till they be grown ſenſibly cold. 

Some of theſe I broke in the open air, by ſnapping off a little of the 
ſmall ſtem with my fingers, others by cruſhing it with a ſmall pair of Ply- 
ers3 which I had no ſooner done, then the whole bulk of the drop flew 
violently, with a very brisk noiſe, into multitudes of ſmall pjeces, forte of 
which were as ſmall as duſt, though in ſome there were remaining pieces 

retty large, without any ftw at all,and others very much flaw'd, which 
b rubbing between ones fingers was eaſily reduced to duſt ; theſe di- 
ſperſed every way ſo violently , that ſome of them pierced my skin. Þ 
could not find,cither with my naked Eye,or a Microſcope, that any of the 
broken pieces were of a _— figure,nor any one like another , but for 
the moſt part thoſe that flaw'd off in large pieces. were prettily bran- 
ched. 

The ends of others of theſe drops I nipt off whilſt all the bodies and 
ends of them lay buried under the water,which, like the former, flew all 
to pieces with as brisk a noiſe, and as ſtrong a motion, 

thers of theſe I tried to break, by grinding away the blunt end, and 
though I took a ſeemingly good one, and had ground away neer two 
thirds of the Ball, yet would it not fly to pieces, but now and then ſome 
ſmall rings of it would ſnap and fly off , not without a brisk noiſe and 
quick motion, leaving the Surface of the drop whence it flew very pretti- 
ly branched or creaſed , which was eafily diſcoverable by the Xcroſcope. 
This drop,after I had thus ground it, without at all impairing the remnant 
that was not ground away, I cauſed to fly immediately all into ſand upon 
the nipping off the very tip of its{lender end. 

Another of theſe drops [ 
had not worn away on the ſtone above a quarter of aninch before the 
whole drop flew with a brisk crack into ſand or ſmall duſt ; nor would 
it have held ſo long , had there not beena little flaw in the piece that I 
ground away, asI afterwards found. 

Several others of theſe drops I covered over with a thin but very tuff 
Skin of Zcthyocol/a, which being very tough and very tranſparent,was the 
moſt convenient ſubſtance for thels tryals that I could imagine, having 
dipt,I fay, ſeveral of theſe drops in this tranſparent Glue whilſt hot , wy 
fuftering them to hang by a ſtring tied about the end of them till they 
werecold, and the skin pretty tough; then wrapping all the body of the 

G | 


drop 


began to grind away at the ſmaller end , but ' 
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drop ( leaving out oy the very tip ) in fine ſupple Kids-leather very 
cloſely. nipped off the {mall top, and found, asI expetted, that notwith- 
ſtanding this skin of Glue, and the cloſe — up in Leather, upon 
the breakirfy of the top, the drop gave a crack like the reſt, and ts my 
hand a pretty brisk impulſe: but yet the skin and leather was fo ſtrong as 
to keep the parts from flying out of their former poſture; and, the skin 
being tranſparent , I found that the drop retained exactly its former fi- 
gure and poliſh, but was grown perfe&ly opacousand all over flaw'd, all 
thoſe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or ſmall point. And by ſeveral examinations with a Micro» 


ſcope, of ſeveral thus broken, I found the flaws, both within the body of 


the drop, and on the outward ſurface, to lye much in this order. 

Let AB in the Figure X of the fourth Scheme repreſent the drop caſed 
over with 1@hyocol/a or Iinglaſs,and ( by being ordered as is before pres ' 
ſcribed )) crazed or flawed into " as but by the skin or caſe kept in its 
former figure , and each of its flawed parts preſerved exattly in its due 
poſture 3 the outward appearance of it ſomewhat plainly to the naked 
eye, but much more con p_ if viewed witha ſmall ſenſs appeared 
much after this ſhape. Thar is, the blunt end B for a pretty breadth, 
namely., as far as theRing C C C ſeemed irregularly flawed with divers 
clefts, which all ſeemed to tend towards the Center of it, being, avI af- 
terwards found , and ſhall anon ſhew in the deſcription of the figure Y, 
the Baſis, as it were, of a Cone, which was terminated a little above the 
middle of the drop, all the reſt of the Surface from CCC to A was 
flawed with an infinite number of ſmall and parallel Rings. which as they 
were for the moſt part very round , fo were _ very thick and clofe 
together, but were not ſo exaCtly flaw'd as to make a perfect Ring , but 
each circular part was by irregular cracks flawed likewiſe into multitudes 
of irregular flakes or tiles 3 and this order was obſerved likewiſe the 
whole length of the neck, | 

Now though I could not fo exattly cut this conical Bodythrough the 
Axizr, as is repreſented by the figure Y ; yet by anatomizing, as it were, 
of ſeveral, and taking notice of divers particular circumſtances, I was in- 
formed, that could I have artificially divided a flaw'd drop through the 
Axis or Center, T ſhould with a Aficroſcope have found it to appear much 
of thisform, where A ſignifies the Apex, and B the blunt end, CC the 
Cone of the Baſis, which is terminated at T the top or end of -it , which 
ſeems tobe the very middle of the blunt end, in which, not only the co- 
nical body of the Baſis C C is terminated, but as many of the parts of the 
drop as reach as high as DD. 

Andit ſeemed to be the head or beginning of a Pith, asit were, or a 
a part of the body which ſeemed more ſpungy thenthe reſt, and much 
more irregularly flawed, which from T aſcended by EE, though tefs vi- 
fible, into the ſmallneck towards A. The Grain, as it were, of all the 
flaws , that from all the outward Surface A DCCDA, was much the 
fame,as is repreſented by the black ſtrokes that meet inthe middleDT; 
DT,DE,DE, ec. 
Nor 
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Nor is this kind of Grain, asT may call it, peculiar to Glaſs dropsthus 
quenched ; for (not to mention Coperas-ſtones , and diversother Axy- 
chaſites and Minerals , which I have often taken notice of to be in the 
very ſame manner flaked or grained, with a kind of Pith inthe middle.) 
I have obſerved the ſame in all manner of caſt Iron , eſpecially the coar- 
ſer ſort, ſuch as Stoves, and Furnaces, and Backs, and Pots are-made of - 
For upon the breaking of any of thoſe Subſtances it 1s obvious: to ob- 
ſerve, how from the out-fides towards the middle ; there is a kind of 
Radiation or Grain much reſembling this of. the Glaſs-drop; but this 
Grain is moſt conſpicuous in Iron-bullets , if they bebroken: the ſame 
Phenomena may produced by caſting regulns of Antimony into 
a Bullet-mold, as alſo with Glaſs of Antimony, or with almoſt any ſuch 
kind of Yitrified ſubſtance, either caſt into a cold Mold or poured intv 
Water. 

Others of theſe Drops I heat red hot in the fire,and then ſuffered them 
to cool by degrees. And theſe I found to have quite loſt all their fulrri- 
ating or flying quality, as alſotheir hard, brittle and ſpringy texture z 
and to emerge of a much ſofter temper, and much eaſter tobe broken or 
ſnapt with ones finger: but its ſtrong and brittle quality was quite deſtroy- 
ed, and it ſeemed much of the ſame confiſtence with other green Glaſs 
wellnealed in the Oven. 

The Figure and bigneſs of theſe for the moſt part was the ſame with 
that of the Figure Z; that is,all the ſurface of them was very ſmooth and 
poliſht,and for the moſt part round , but very rugged or knobbed about 
D, andall the length of the ſtem was here and there pitted or flatted, 


About D, which isat the upper part of the drop under that fide of the 


ſtem which is concave, there uſually was made ſome one or more little 
Hillocks or Prominences. The drop it ſelf, before it be broken, appears 
very tranſparent, and towards the middle of it, to be very full of ſmall 
Bubbles, of ſome kind of aerial ſubſtance, which by the retraction of the 
outward ſurface appear much bigger then really they arez and this may 
be in good part removed, by putting the drop under the ſurface of clear 
Water, for by that means moſt part of the refraction of the convex Sur- 
face of the dropis deſtroyed, and the bubbles will appear much ſmaller. 
And this, by the by. minds me of the oppenring magnitude of the aper- 
ture of the 7ris, or pupil of the eye, which though it appear, and be there- 
fore judged very large, is = not above a quarter of the bigneſs it ap- 
pears of, by the lenticular retrattion of the Cornea. 

The cauſe of all which Phenomena Iimagine to be no other then this, 
That the Parts of the Glaſs being by the exceſſive heat of the fire kept 
off and ſeparated one from another, and thereby put into a kind of tlug- 
giſh fluid confiſtence , are ſuffered to dropoff wah that heat or agitation 
remaining in them, into cold Water; by which nieans the outſides of the 
drop are preſently cool'd and crufted , and are thereby made of a looſe 
texture,becauſe the parts of it have not time to ſettle themſelves leiſurely 
together , and foto lie very cloſe together : And the innermoſt parts of 
the drop, retaining ſtill much of their _ heat and agitations, remain 
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_ of a looſe texture alſo,and,according as the cold ſtrikes inwards'from the 
bottom and fides, are quenched, as were, and made rigid inthat yery 
Poſture. wherein the cold finds them. For the parts of the or» being 
already hardened , will not ſuffer the parts to ſhrink any more trom the 
outward Surface inward ; and though it ſbrink a little by reaſon of the 
ſmall parcels of ſome Aerial ſubſtances diſperſed through the matter of 
the Glaſs, yet that isnot neer ſo much as it appears (" as I juſt now hint- 
ed ;) nor it it were, would it be ſufficient for to conſolidate and candenſe 
the body of Glaſs imo a tf and cloſe texture, after it had been fo ex- 
ceſfvely rarified by the heat of the glaſs-Furnace, 

But that there may be ſuch an expanſion of the aerial ſubſtance con- 
tained in thoſe little blebbs or bubbles in the body of the drop , this fol- 
lowing Experiment will make moreevident. 


Take a ſmall Glaſs-Cane about a foot long , ſeal up one end of it her- 
axeticalhy,then put in a very ſmall bubble of Glaſs, almoſt of the ſhape of 
an Eflence-viol with the open mouth towards the ſealed end , then draw 
out theother end of the Pipe very ſmall,and fill the whole Cylinder with 
water, then ſet this Tube by the Fire till the Water begin to boyl, and 
the Air in the bubble be in good part rarified and driven out , thenby 
ſucking at the ſmalling Pipe, more of the Air or vapours in the bubble 
may be ſuck'd out , fo that it may ſink to the bottom 3 when it is funk to 
the bottom,in the flame of a Candle,or Lamp,nip up the ſlender Pipe and 
let it cool : whereupon itis obvious to obſerve, firſt, that the Water 
degrees will ſubſide and ſhrink into much leſs room : Next, that the Air 
or vapours in the Glaſs will expand themſelves ſo, as to buoy up the little 
Glas: Thirdly, that all about the infide of the Glaſs-pipe there will ap- 
pear an infinite number of ſmall bubbles, which as the Water grows colder 
and colder will (well bigger and bigger, and many of them buoy them- 
—- CD. Jak drops,that is, b 

From this Diſceding of the heat in Glaſs drops,that is, by the quenching 
or cooling Irradiations propagated from the Surface a and in- 
wards, by the lines CT, CT, DT, DE,G«, the bubbles inthe 
have room to expand themſelves a little, and the parts of the Glaſs con- 
tract themſelves; but this operation being too quick for the {Juggiſh parts 
of the Glas, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glaſsare bent, ſome one way, and ſome 
another, yet ſoas that molt of them draw towards the Pithor middle 
TEEE, orrather from that outward : fo that they cannot extricete or 
unbend themſelves, till ſome part of TEEE be broken and looſened, 
for all the parts about that are placed inthe manner of an Arch, and fo 
till their hold at T EEE be looſened they cannot fly afunder, but up- 
hold, and ſhelter, and fix cach other much like the ſtones in a Vault, 
where cach ſtone does concurre to the ſtability of the whole Fabrick, 
and no one ſtone can be taken away but the whole Arch falls.And where- 
ſoever any of thoſe radiating wedges DT D, &&c. are removed, which 
are the component parts of this Arch,the whole Fabrick preſently falls to 
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pieces; for all the Springs of the ſeveral parts are ſet at liberty; which 
iamediately extricate theaſelves and fly aſunder evory way ; each part 
by its ſpring contributing to the darting of it ſelf and fora other-contigu» 
ous part... But if this drop/be heat {ohotasthat the parts by degrees can 
unbend themſelves, and be fettled and annealed cerkat re; and be 
then ſuffered gently toſubfide and cool'; The parts by this iealing4o- 
fing their fpringinels , conſtitute a drop of a more oft but leſs britthe rex- 
ture,and the parts being not at all under a flexure, though any part of the 
middle or Pith TEE E be broken, yet will hot the drop at all fy tO Peces 
as before. ane 

This Conjecture of mine I ſhall indeavour to make out by explains 
ing cach particular Aſſertion with a-alegoxs Experiments : The Afſertions 
are theſe. 


Firſt , That the parts of the Glaſs, whilſt in a fluid Conſiſtence and 
hot , are more rarified, or take up triore room, then when hard and 
cold. | | 

Secondly , That the parts of the drop do ſuffer a twofold contras 
Efion. 

Thirdly , That the dropping or quenching the glowing metal inthe 
Water makes it of a hard, ſpringing, and farified texture; 

Fourthly , That there is a tlexion or force remaining upon tho parts 
of the Glaſs thus quenched , from which they indeavour to extricate 
themſelves. | 

Fifthly, That the Fabrick of the drop, that isable to hinder the parts 
from extricating themſelves, is are/ogxs to that of an Arch. | 

Sixthly, That the ſudden flying aſunder of the parts proceeds from 
their fpringineſs. 

Seventhly, That a gradual heating and cooling does anneal or reduce 
the parts of Glaſs toa texture that is more lobſe, andealilier tobe bro- 
ken, butnot ſo brittle. 


That the firſt of theſe is true may be gathered froni this, That Heat 

a property of a body ariſing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht mult neceflarily receive ſome 
rt of that motion.,whereby its parts will be ſhaken and agitated, and fo 

y degrees free and cxtricate themſelves from one another , and each 
part ſo moved does by that thotion exert a conatus of protruding and dif 
placing all the adjacent Particles. Thus Air includedina veſlel, by be- 
ing heated will. burſt it to pieces. Thas hayeI broke a Bladder held 
over the fire in my hand, with fuch a violence and noiſe , that it almolt 
made me deaf for the preſent,and much furpaſled the noiſe of a Musket: 
The like have I done by throwing into the fire {mal} glaſs Bubbles her- 
metically ſealed , with a little drop of Water included in them; Thus 
Water alſo,ot any other Liquor;mcluded in a convenient vellel,by being 
warmed , manifeſtly expandsir ſelf with a very great violence, fo asto 
break the ſtrongeſt veſſel, if when heated jt be narrowly impriſoned in it. 
Fhis 
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This is very manifeſt by the ſealed Thermometers, which I have, by ſeve- 

ral tryals, at laſt brought to a great certainty and tenderneſs : for I have 

made fome with ſtems above four foot long , in which the expanding Li- 
quor would fo far vary,asto be very neer the very topin the heat of Sum+ 
mer, and prety neer the bottom at the coldeſt time of the Winter. The 
Stems I ufe for them are very thick,ſtraight,and even Pipes of Glaſs, with 
a very ſmall perforation, and both the head and body I have made on 

purpoſe at the Glaſ-houſe, of the ſame metal whereof the Pipes are 
drawn: theſe I caneaſfily in the flame of a Lamp, urged with the blaſt of 
a pair of Bellows, ſeal and cloſe together, ſo asto remain very firm, cloſe 
and'even; by this means I joyn on the body firſt,and then fill both it and 
a part of the ſtem, proportionate to the length of the ſtem and the 
warmth of the ſeaſon I fill it in, with the beſt reCtified Spirit of Wine high- 
ly ting'd with the lovely colour of Cocheneel, which I deepen the more 
by pouring ſome drops of common S&pirit of Urine , which muſt not be 
too well reftified , becauſe it will be apt to make the Liquor to curdle 
and ſtick in the ſmall perforation of the ſtem. This LiquorT have upon 
tryal found the moſt tender of any ſpirituous Liquor,and thoſe are much 
more ſenſibly affefted with the variations of heat and cold then othermore 
flegmatick and ponderous Liquors, and as capable of receiving a deep 
tincture, and keeping it,as any Liquor whatſoever; and ( which makes 
it yet more acceptable is not ſubject to be frozen by any cold yet 
known. When I have thus filled it,I can very eaſily in the foremention- 
ed flame of a Lamp ſeal and joyn on the head of it. 

Then, for reducing the ſtem, I fix that for the beginning of my di- 
viſion where the ſurface of the liquor in the ſtem remains when the 
ball is placed in common diſtilled water, that is ſo cold that it juſt begins 
to freeze and ſhoot into flakes; and that mark I fix at a convenient place 
of the ſtem, to make it capable of exhibiting very many degrees ofcold, 
below that which is requiſite to freeze water : the reſt of my diviſions, 
both above and below this (which I mark with a [ ©] or nought) I place 
according to the Degrees of Expanſion, or Contra#ion of the Liquor in 
proportion to the bulk it had when it indur'd the newly mention'd freez- 
ing cold. And this may be very _ and accurately enough done by 
this following way 3 Prepare a Cylindrical veſſel of very thin'plate Brats 
or Silver, AB CD of the figure Z; the Diameter AB of whoſe cavity 
let be about two inches, and the depth B C the ſame; let each end be 
cover'd with a flat and ſmooth plate of the ſame ſubſtance, cloſely foder'd 
on, and in the midſt of the upper cover make a pretty large hole E F, 
about the bigneſs of a fifth part of the Diameter of the other ; into this 
faſten very well with cement a ſtraight and even Cylindrical pipe of Glaſs, 
EFGH, the Diameter of whoſe cavity let be exattly one tenth of the 
Diameter of the greater Cylinder. Let this pipe be mark'd at GH with 
a Diamant, fo that G from E may be diſtant juſt two inches, or the ſame 
height with that of the cavity of the greater Cylinder, then divide the 
lengthE G exactly into 10 parts, fo the capacity of the hollow of each 


of theſe diviſions will be ;55; part of the capacity of the greater Co 
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der. This veſſel being thus prepared, the way of marking and gradus- 
ating the Thermometers may be very eafily thus performed : 

Fill this Cylindrical veſlel with the ſame liquor wherewith the Ther 
mometers are fill'd, then place bothit and the Thermometer you are to 
graduate, in water that is ready to be frozen, and bring the ſurface of the 
liquor in the Thermometer to the firſt marke or [ 0}; then ſo proportion 
the liquor in the Cylindrical veſlcl, that the ſurface of it may jult be at 
the lower end of the ſmall glaſs-Cylinder; then very gently and gradu- 
ally warm the water in which both the Thermometer A. this Cylindrical 
veſlel ſtand, and as you perceive the ting'd liquor to riſe in both ſtems, 
with the point of a Diamond give ſeveral marks on the ſtem of the They- 
mometer at thoſe places, which by cothparing the expanſion in both 
Stems, are found to correſpond to the diviſions of the cylindrical veſlel, 
and having by this means marked ſome few of theſe diviſions on the 
Stem, it will be very eaſe by theſe to mark all the reſt of the Stem; 
and accordingly to affign to every diviſion a proper character. 

A Thermometer , thus marked and prepared, will be the fitteſt Inſtru- 
ment to make a Standard of heat ws cold that can be imagined. For 
being ſealed up, it1s not at all ſubjeCt to variation or waſting, nor is it lia- 
ble to be changed by the varying preſjure of the Air , which all other 
kind of Thermometers that are open tothe Air are liable to. But topro- 
ceed. 

This property of Expanſion with Heat, and ContraQtion with Cold, is 
not peculiar to Liquors only, but to all kind of ſolid Bodies alſo, eſpeci- 
ally Metals, which will more manifeſtly appear by this Experiment. 

Take the Barrel of a Stopcock of Braſs, and let the Key, which is well 
fitted to it, be riveted into it,ſo that it may {lip,and be eaſily turned round, 
then heat this Cock inthe fire, and you will find the Key fo ſwollen, that 
you will not be able toturn it round iti the Barrel ; but if it be futfered 
to cool again, asſoon as it is cold it will be as movable, and as ealie to be 
turned as before. 

This Quality is alſo very obſervable in Lead, Tir, Silver, Antimony, 
Pitch, Roſin,Bees-wax,Butter,and the like; all which,if after they be melted 
you ſuffer gently to coo}, you ſhall find the parts of the upper Surface 
to ſubſide and fall inwards , lofing that plumpneſs and fmoothneſs it had 
whilſt in faſion. The like I have alſo obſerved in the cooling of Glaſs 
of Antimony, which does very neer approach the nature of Glaſs, 

But becauſe theſe are. all Examples taken from other materials then 
Glaſs,and argue only, that poſlibly there may be the like property alſo m 
Glaſs, not that really there is ; we ſhall by three or four Experiments m- 
deavout to tnanifeſt that alfo. | 

And theFirſt is an Obſervation that is very obvious evenin theſe very 
drops,to wit,that they are all of them terminated with an unequal or ir- 
regular Sutface ., eſpecially about. the ſmaller part of the drop, and the 
whole length of the ſtem z as about D, and from thenceto A, the whole 
Surface, which would have been round if the drop had cool'd lerfurely, 
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I ſuppoſe proceeds partly from the Waters unequally cooling and pref- 
fing the partsof the _ and partly from the ſelt-contraCing or ſubſi- 
ding quality of the ſubſtance of the Glaſs: For the vehemency of the 
heat of the drop cauſes ſuch ſudden motions and bubbles in the cold Wa- 
ter,that ſome parts of the Water bear more forcibly againſt one part then 
againſt another , and conſequently do more ſuddenly cool thole parts to 
. which they are contiguous. 

A Second Argument may be drawn from the Experiment of cutting 
Glaſſes with a hot Iron. For in that Experiment the top of the Iron 
heats, and thereby rarifies the parts of the Glaſs that lie juſt before the 
crack , whence each of thoſe agitated parts indeavouring to expand its 
ſelf and get elbow-room, thruſts off all the reſt of the contiguous parts, 
and conſequently promotes the crack that was before b 

A Third Argument may be drawn from the way of producing a crack 
ina ſound piece or plate of Glaſs, which is done two wayes, either Firſt, 
by ſuddenly heating a piece of Glaſs in one place more then in another, 

And by this means Chymiſts uſually cut off the necks of Glaſs-bodies, 
by two kindsof Inſtruments, either by a glowing hot round Iron-Ring, 
which juſt incompaſles the place that is to be cut, orelſe by a Sulphur d 
which is often wound about the place where the ſeparation is to 
be made,and then fired. Or Secondly,A Glaſs may be cracked by cooling 
it ſuddenly in any place with Water, or the like, after it has been all le1- 
ſurely and gradually heated very hot. Both which Phenomena ſeem ma- 
nifeſtly to proceed from the expanſion and contraction of the parts of 
the Glaſs, which is alſo made more probable by this circumſtance which 
I have obſerved , that a piece of common window-glaſs being heated in 
the middle very ſuddenly with a live Coal or hot Iron,does ulcally at the 
firſt crack fall into pieces,whereas if the Plate has been gradually heated 
very hot, and a drop of cold Water and the like be put on the mid- 
dle of it, it only flaws it, but does not break it aſunder immedi- 
ately. 

A Fourth Argument may be drawn from this Experiment 3 Take a 
Glaſs-pipe, and fitinto it a Golid ſtick of Glaſs, ſo as it will but juſt be mo- 
vedin it. Then by degrees heat them whilſt they are one within ano- 
ther,and they will grow ſtiffer, but when they are again cold,they will be 
asecafie to be turned as before. This Expanſion of Glaſs is more mani- 
feſt in this Experiment. 

Take a ſtick of Glaſs of a conſiderable length,and fit it ſo between the 
twoends or ſcrews of a Lath,that it may but juſt eaſily turn,and that the 
very ends of it may be juſt touchtand ſuſteined thereby ; then applying 
the flame of the Candle to the middle of it, and heating it hot, you will 
preſently find the Glaſs to ſtick very faſt on thoſe points, and not without 
much difficulty to be convertible on them, before that by removing the 
flame for a while from it, it be ſuffered to cool, anden y ou will find it 
as caſie to be turned round as at the firſt, 

From all which Experiments it is very evident, that all thoſe. Bodies, 
and particularly Glaſs, ſuffers an Expanſion by Heat, and that a _ _ 
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fiderable one, whilſt oy arein a ſtate of Fuſion, For Flurdity,as lelewhere 
mention,. bring nothing but ax effet of a very ſtrong and quick ſhaking motion, 
whereby the parts areas it were,/ooſened from each other,and conſeqaently leave 
an interjacent ſpace or vacnity it follows, that all thoſe ſhaken Particles mu{t 
neceſſarily take up much more room then when they were at reſt, and lay 
quietly upon.each other. And this is further confirmed by a Pot. of boyling 
Alabaſter, which will manifeſtly riſe a ſixth or tighth part higher ia the Por, 
whilſt it is boyling, then it will remain at, both betore and after it be boyl- 
ed.The reaſon of which odd Phenomenon ( to hintit here only by the way) 
is this, that there is in' the curious powder of Alabaſter, and other;calcining 
Stones, a certain watery ſubſtance, which is ſo fixt and included with the 
ſolid Particles. that till the heat be very conſiderable they will aot fly aways 
but after the heat is increaſed to ſuch a degree, they break out eyery way 
in vapours, and thereby ſo ſhake and looſen the {mal} corpuſles ofthe Pow- 


der trom cach other, that they become perfectly of the nature of a fluid bo- 


dy, and one may move aſtick to and fro through it, and {tir it as eafily as 
water, and the vapours burſt and break out in bubbles juſt as in boyling 
water,and the like z whereas, both before thoſe watery parts are Fg ing 
away, and after they are quite gone z that is, before and atter it haye mo 
boyling,all thoſe eftefts ceaſe, and a ſtick is as difficultly moved to and fro 
in it asinſand, or the like, Which Explication I could eaſily prove, had I 
time ; "but this is not a hit place for it. | 

Toproceed therefore, fay,that the dropping of this expatded Body jin- 
to cold Water, does make the parts of the Glaſs faffer a double contraction : 
The fir(t is, of thoſe parts which are neer the Surface of the Drop, For Cold, 
asI aid before,contraCting Bodies, that is,by the abatement of the agitating fa- 
culty the parts falling neerer together ; the parts next adjoying to the Water 
mult needs loſe much of their motion , and impart it tothe Ambient-water 
(which the Ebullition and commotion of it rnanifeſts) and thereby become 
a ſolid and hard cruſt, whilſt the innernioſt parts remain yet fluid and ex+ 
panded; whence,as they grow cold alſo by degrees,their parts muſt neceſla- 
rily be left at liberty to be condenſed , but becauſe of the hardneſs of the 
outward crult,the contraction cannot be adrhitted that way;but there bei 
many very ſmall, and before inconſpicuous, bubbles in the ſubſtance of the 
Glaſs,upon the ſubſiding of the parts of the Glaſs,the agil ſubſtance contain» 
ed in them has liberty of cagcading it ſelfa little,and theteby thoſe bubbles 
you much bigger;whichis the ſecond Contraftion, And both theſe are con» 

rmed from the appearance of the Drop it ſelf: for as fur the outward parts, 
we ſce,firſt;that it 1s irregular and ſhrunk, as it were, which is cauſed by the 
yielding a little of the hardened Skinto a Contraction, after the very out- 
moſt Surface is ſettled 3 and as for the internal parts, one may with ones 
naked Eye perceive abundance of very conſpicuous bubbles, atd with the 
Microſcope many more. 

The Conſideration of which Particulars will eafily niake the Third Paſitt- 
on probable,that is,that the parts of the drop will be of a very hard, though 
of ararified Texture; for it the outward parts of the Drop, by reaſon of u3 
hard cruſt, will indure very little Contra&tion, and the agl I——_ 
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ded in thoſe bubbles, by the loſing of their agitation, by thedecreafe of the 
Heat,loſe alſo moſt part of their Spring and Expanſive power;it follows (the 
withdrawing of the dent being very ſudden) that the parts muſt be left in a 
very looſe Texture, and by reaſon of the implication of the parts one about 
another,which from their {huggiſhnes and glutinouſneſs I ſuppoſe tobe much 
after the manner of the ſticks in a Thorn-buſh,or a Lock of Wool:It will fol- 
low, I fay, that the parts will hold each other very ſtrongly together,and in- 
deavour to draw each other neerer together , and conſequently their Tex- 
ture muſt be very hard and ſtiff, but very much rarified. 
And this will make probable my next Poſition, That the parts of the Glaſs 
art under a kind of tenſion or flexure,out of which they indeavour to extricate and 
Free themſelves,and thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out- 
ward parts cool leiſurely (as in baking of Glafles) contract rhe bulk of the 
drop into a much leſs compaſs. For fince.as I preved betore,the Internal parts 
of the drop, when fluid,were of a very rarihed Texture.and,as it were,tos'd 
open like a Lock of Wool.and it they were ſuffered leiſurely to cool, would 
be again preſt, as it were.cloſe together: And ſince that the heat,which kept 
them bended and open, is removed , and yet the parts not ſuffered to get as 
neer together asthey naturally would ; It follows,that the Particles remain 
under a kind of maſts and flexure , and conſequently have an indeavour to 
free themſelves from that bending and diſtenſion, which they do, as ſoon as 
either the tip bebroken, or as ſoon as by a leiſurely heating and cooling, 
the parts are nealed into another poſture, 

And this will make my next Poſition probable,that the parts of theGlaſs drops 
are contignated together in the form of an Arch,and cannot any where yield or 
be drawn inwards,till by the removing of ſome one part of it{as it happens in 
the removing one of the ſtones of an Arch)the whole Fabrick is ſhatter d,and 
falls to pieces,and each of the Springs is leftar liberty,ſuddenly to extricare it 
ſelf: for finceI have made it probable,that the internal parts of the Glaſs have 
a contraQtive power inwards, and the external parts are incapable of ſuch a 
ContraCtion,and the figure of it being ſphericalzit follows, that the ſuperticial 

muſt bear ogainſ each other , and keep one another from being con- 
dens'd into a leſs room, in the fame manner as the ſtones of an Arch conduce 
to the upholding each other in that Figure.And this is made more probable 
by another Experiment which was communicated to me by an excellent Per- 
ſoh,whoſe extraordinary Abilities in all kind of Knowledg, eſpecially in that 
of Natural things,and his generous Diſpoſition in communicating,incoura ged 
me to have recourſe to him on many occaſions. The Experiment was this : 
Small Glaſs-balls ( about the bigneſs of that repreſented in' the Figure >. ) 
would,upon rubbing or ſcratching the inward Surface, fly all inſunder, with 
a pretty brisk noiſe 3 whereas neither before nor after the inner Surface had 
been thus ſcratcht, did there appear any flaw or crack. And putting the pie- 
cesof one of thoſe broken ones together again, the flaws appeared much 
aftet the manner of the black lines on the Figure, &. Theſe Balls were ſmal}, 
but exceeding thick bubbles of Glaſs , which being crack'd off from the 
Puntilion whillt very hot , and ſo ſuffered to cool without nealing them in 
the 
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the Oven over the Furnace, do thereby ( being made of, white Glaſg, 
which cools much quicker then green Glaſs, and isthereby | made much 
brittler ) acquire a very poroxs and very brittle textxre.:; ſo that if with 
the point of a Needle or Bodkin, the inſide of any of them be rubbed 

rety hard, and then laid ona Table, it will, within a very little while, 
as. into many pieces with a brisk noiſe, and throw the parts above a 
ſpan afunder on the Table: Now though the pieces are , not fo, ſmall ag 
thoſe of, a fulminating drop, yet they as plainly ſhew, that the, outward 


parts of the Glaſs have a great Coxatus to fly alunder,were they, not held 


together Dy the tenacity of the 5c: of the inward Surface ;- for we ſee 
as ſoon as thoſe parts are crazed by hard rubbing, and thereby their tena- 
city ſpoiled, the ſpringineſs of the more outward, 'parts _ ly makes a 
divulſion, . and the broken pieces will, if the concave Surtace of them be 
further ſcratcht with a Diamond, fly again into ſmaller pieces, . |, 

From which preceding conſiderations it will tollow Sixthly , That the 
ſudden flyin — of the parts as ſoon as this Archis any where difor- 
dered or broken, proceeds from the ſpringing of the parts; which .indea- 
vouring to extricate themſelves as ſoon as they get the liberty , they per- 
form it with ſuch a quickneſs, that they throw one another away with very 
great-violence - for the Particles that compoſe the Cruſt have a: Conatus 
tolye further from one another,and therefore as ſoon as the external parts 
are looſened they dart themſelves outward with great violence, juſt as ſo 
many Springs would do, it they were detained and faſtened to the body, 
as ſoon as they ſhould be ſuddenly looſened; and the internal parts draw- 
ing inward, they contract ſo violently. that they rebound back again and 
fly into' multitude of ſmall ſhivers or ſands. Now though they appear 
not, either to the naked Eye, or the Microſcope, yet I am very apt to think 
there may be abundance of ſmall flaws or cracks , which , by reafon the 
ſtrong reflefing Air is not got between the contiguous parts, appear not. 
And that this may be fo, I argue from this , that I have very often been 
able to make a crack or flaw, in ſome pmaupans yen of Glaſs,to appear 
and diſappear at pleaſure, ogy 797 as by preſling together, or pulling 
aſunder the contiguous parts, I excluded or admitted the ſtrong refledt- 
ing Air between the parts : And it is very probable, that there may be 
ſome Body, that is cither very rarified Air, or ſomething azalogyxs to it, 
which fills the bubbles of theſe drops ; which I argue, firſt, from the round- 
neſs bf them, and next, from the vivid refleftion of Light which they ex- 
hibite : Now though I doubt not , but that the Air in them 1s very much 
rarified, yet that there is ſome in them, to ſuch as well conſider this Expe- 
riment of the diſappearing of a crack upon the extrxding of the Air, I 
ſuppoſe it will ſeem more then probable. 
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The Seventh and laſt therefore that I ſhall prove, is, That the gradual 


heating and cooling of theſe ſo extended bodies does reduce the parts of the 
Glaſs to a looſer and ſofter temper. And this I found by heating them, and 
keeping them for a prety while very red hot in a fire; for thereby I found 
them to grow a little lighter , and the ſmall Stems to be iy”: ie © 
kenand ſnapt any where , without at hn the drop fly ; wh _ 
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befote th&y were io extetding hard,thar they could not BE breſkth Wwith- 
6tit truth difficulty 5 and upon their breaking the whole drop Would 
fly in pieces With very great violetice, The Reſon bf which faſt ſRtths 
to be ; thit the Kifurely heating and cooling of the parts d&cs tiot — 
waſt fothe part of the Glaſsit ſelf ;þut tatges all the patts int6 2 bett 
dfder; 4nd gives Eath Particle an opportunity of #e/axi#y its ff; arid 
rſequehfly neither will the parts hold ſo ſtrongly togethet 45 Befbre, 
hor be ſo difficult to be broken : The parts row more exfily yielditp, 
hor will the other parts fly it pieces , becauſe the parts hdve ho betided 
Spritigs. Thi relaxation alſo in the temper of hardned Sttel; atid hart- 
ered Mcetils.by nealing them in the fire, ſeems to proceed from fritich the 
ſathe cauſe. For both by quenchitig ſuddenly ſuch Metals a have wit+- 
parts interſpers'd, 4s Steel has,and by hanimtering of other Kinds tiat 
do not ſo miith abound With them, as Silver, Braſs, Se. the = ate pur 
into and detained in a bended poſture , which by the agitation of Heat 
dre ſhakeh, arid looſened, and fufftted tounbend themſelves. 
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Obſery. VII. Of the fiery Sparks ſtruck. from & Flint of 
Steel. 


8eel:to ike certain fiery and ſhining Spatks to fly out from between 
thoſk two compreſting Bodies. About eight years ſince , upon cafiially 
Ig the Explication of this odd Ph#riommeror, by the moſt Ingeriious 
Des Eartet, | ha agteat defire to be ſatisfied , what that Subltance was 
that yave ſuch 5 {Mining and biight Light : And to that &iidI ſpread ; 
ſheet bf white Paper,ant 6h it, obſerving the place where ſeveral of chels 
Fr of mo to vaiiiſh, I found certain very ſifall, black, but pliſtering 


$chew. 5. J: is dap Werewom Experiment , by ſtriking with a Flint againſt a 


ots of a movable Subſtarice, each bf which examining with my Miſcro- 
coþ6.1 fotltid tb be 4 findll round Glbbivle 3 ſome of which, as they looked 
prety ſmall, (6 did they from their Siirface yield a very bright and ſtrong 
refleion on that fide which was next the Light; and each look'd alinoff 
like a prety bright Itohi-Ball, whoſe Surfice was prety regular, =Y as 1s 
repreſerited by the Figure A. Ii this I coiild perceive the Image of the 
Wiktow prety well, or of a Stick, Which I moved up and down between 
the Lipht arid it. Others 1 found, which were, as to the bulk of the Ball, 
prety teglilarly round, but the Surfict bf thein,as it was not very [mooth 
a. rough.and more irregular, ſo was the refletion from it more faint ahd 
confliſed. Such wete the Surfaces of B. C. D. and E. Soine of theſe] 
rid cleft or cracked, as C, others quite broken in two and hollow, as 

. Which ſeeined to be half the hollow ſhell of a Granado, broken irre- 
pular y in Pieces. Seyeral othefs I found of other ſhapes ; biit that 
which is tepreſented by E, I obſerved to be i very big Spark of Fire, 
Which went out uPoti one ſide of the Flint that I ſtruck fire Withall, to 
which 
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which it ſtick by the root F, # the etid of which (wall Stern was faſten- 
ed-ofi © HeMiſpBere, or half & hollow Ballwith the month of it open from 
the ſtethwards, fo thait it looked trimers TIKe 4 Furitiel; of art old taftiione 
Bowl without 4 fo6t. This night, tiinKing thavy try#ls and obſervations 
of this Experiment] fmet,amony a mulfitede of theGlobular ones which 
I had obſerved; 4 couple of Fnſtatices, Which are very terharkableito the 
cotifirttianoti of thy Hypothtſrs. F 
And the Firſt ws of pretty big Ball faſtened onto the end of a fmall 
fliver of Iron;which Compoſitum ſeemed t6bt tiothing et but s long thin 
chip of Itorionet of Whott ents was melted itito & fall round Globabkthe 
othet et terffaitiihg untnelted and ittegulat; atid perfettly Trom; | 
The Second Inftatice was riot ef remdrkable ther the Firſt ;. for- I 
found; wheii 4 Spark went out, ones. biit 4 very fall thin ſong ſiver 
of Iron or Stet], tftifhelted tit either etja; $6 that It ſeeftis, that foine'of 
theſe _ are the fivers or chips of the Tron vitrified , Others are bn- 
ly the (livers nielted tho Balls without vitrification, Atid the third kind 
are ofily frhall flivers of theEIron, ftjade red-hot with the violence of the 
ſtroke given on the Steel by the Flint. 
He that ſhall diligetitly examine the Pheroment of this Experiment, 
will; I dotibt tot, find cauſe to believe, that the reaſon I have heretofore 
piven of it; is the tfue and pthuihe canſe of it, tiamely, That the Spar 
wppearing ſo britht it the falling $# nbthing elſe but 4 ſmall piece of the Stet 
br Flirt, but tnoft commonly of the Steel, which by the violence of the ſtroke 
F 4t the ſame time ſever'd ad heatt red-hot , and that ſometimes to ſuch # 
degtee , 4s to hidke it melt together into a ſmall Globule of Steel 5, and ſome» 
Hes alſo ks that bet ſo very intehſe, as further to melt it and vitrifie it 5 but 
tiny Hmes the heat is ſo gentle, as to be able to withe the ſliver only red hot, 
which notwithſtanding falling npon the tinder (that is otily a very curious 
ſmall Coal thade of the ſmall threads of Linntn burtit tb coals and 
char'd) it taftly ſets it 0# fire. Nor will atiy part of this Hypotheſſs ſeem 
ſtrange to hith that confiders, Firſt, that either hatnmering, or filing, of 
otherwiſe violently rubbing of Steel, will preſently make it ſo hor as to 
be able to buth 6hts fingers. Next, that the whole force of the ſtroke 
is exerted a that ſthall part where the Flint and Steel firft touch : For 
the Bodies being each of theth fo vety hard , the puls canhtot be far com» 
municated, that is, the parts of each can yield but very little, and there 
fore the violence of the concuffion will be exerted on that ptece of Stecl 
which is cutoff by the Flint. Thirdly , that the filings of ſmall parts of 
St eel are very apt,as it were,to take fire, ahd are preſently red hot, that 
1s,thert ſeems to be a very combuſtible fulphareons Body inTton or Steel, 
which the Air very readily preys upon, as ſoon as the body is a little vio- 
lently heated. | 
And this is obvious ih the filings of Steel of Tron caſt through the flare 
of a Candle ; for even by that ſudden rravfitst of the finall chips of Irof, 
they are heat red hot, and that co#:buſtible falphnyeons Body is prefent- 
ly prey'd upon and devoured by the atree! ihcompaſſing Menſiranm, 
i m— office in this Particular I have ſhewh i the Explication —_ 
cole, 
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And in proſecution of this Experiment,having taken the filings of Iron 
and Steel, and with the point of a Knife caſt them through the flame of a 
Candle , I obſerved where ſome conſpicuous ſhining Particles fell , and 
looking on them with my Microſcope , I found them to be nothing elle 
but ſuch round Globules, asI formerly found the Sparks ſtruck from the 
Steel by a ſtroke tobe, only a little Digger 3 and ſhaking together all the 
filings that had fallen upon the ſheet of Paper underneath, and obſervin 
them with the Microſcope, I found a great number of ſmall Globules, fuck 
as the former, though there were allo many of the parts that bad remain- 
ed untoucht, and'rough filings or chips of Iron. So that, it ſeems, Iron 
does contain a very —_—_— fulphureows Body, which is, in all likeli- 
hood, - one of the cauſes of this Pheromenor , and which may be perhaps 
very much-concerned in the buſineſs of its hardening and tempering : of 
which ſomewhat is ſaid in the Deſcription of AMſcovy-glaſe. 

So that, theſe things conſidered, we need not trouble our ſelves to find 

out what kind of Pores they are, both in the Flint and Steel, that contain 
the 4tomes of fire, nor how thoſe Atoms come to be hindred from run- 
ning all out , when a dore or paſlage in their Pores is made by the con- 
pay rd nor need we trouble our ſelves to examine by what Promethens 
the Element of Fire comes to be fetcht down from above the Regions of 
the Air, in what Cells or Boxes it is kept, and what 7 a lets it go: 
Nor to'conſider what it is that cauſes ſo great a conflux of the atomical 
Particles of Fire,which are faid to fly to a —_—_ Body, like Vultures or 
Eaglesto a putrifying Carcaſs, and there to make a very great pudder, 
Since we have nothing more difficult 1n this typorhef to conceive, firſt, 
asto the kindling of Tinder, then how a large Iron-bullet, let fall red or 
glowing hot upon a heap of Small-coal, ſhould ſet fire to thoſe that are 
next to it firſt : Nor ſecondly, is this laſt more difficult to be explicated, 
then that a Body, as Silver for Inſtance, put into a weak Menſtruum, as 
unredified Aqua fortis ſhould , when it 1s put in a great heat, be there 
diſlolved by it, and not before; which Hypotheſes is more large] explica- 
ted in the Deſcription of Charcoal. To conclude, we ſce by this In- 
ſtance, how much Experiments may eonduce to the regulating of Philo- 
ſophical notions. For if the moſt Acute Des Cartes had applied himſelf 
experimentally to have examined what ſubſtance it was that cauſed that 
ſhining of the falling Sparks ſtruck from a Flint and a Steel, he would 
certainly have a little altered his Hypotheſis, and we ſhould have found, 
that his Ingenious Principles would have admitted a very plauſible Ex- 
plication of this Phenomenon; whereas by not examining o far as he 
might , he has ſet down an Explication which Experiment do's contra- 
dict. 

But before I leave this Deſcription, I muſt not __ to take notice of 
the Globular form into which each of theſe is molt curiouſly formed. 
And this Phenomenon, as Ihaveelſewhere more largely ſhewn, proceeds 
from a propriety which belongs to all kinds of fluid Bodies more or 
lefs,and 1s cauſed by the Incongruity of the Ambient and included Fluid, 
which ſo ats and modulates each other , that they acquire , asneer as is 
poſſible, 
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poſſible, a erica or globular form, which propriety and ſeveral of the 
Phenomena that proceed from it, I have more fully. explicated in the ſixth 
Obſervation. | 1 291bÞPyacmn ul 
One Experiment, which docs very much illuſtrate my preſent Explica- 
tion, andas init felt execeding pretty,” I muſt not-paſsby : And-that is a 
way of making ſmall 'Globules or Balls of Lead. or Tin, as ſmall almoſt as 
theſc of Iron or Steel, ' and: that — and quickly, by turning 
the filings or' chips 'of thoſe Metals allo into perfectly round Globules. 
The way, in ſhort,as I received it fromthe Learned Phyſitian Dodfor 'l. G, 
is thisz '-! ' | | FRY 
Reduce the Metal you would thus ſhape, into exceeding fine filings, 
the finer"the filings are, the finer will the Balls be : $tratiffe theſe filings 
with the fine and welldryed powder of quick Lime in-a Crxcible propor- 
tioned tothe quantity you intend to make : When you have thus filled 
your Crucible, by continual ftratifications of the filings and powder, fo 
that,as neer as may be, no one ot the filings may touch another; place the 
Crucible ina\ gradual fire 5 and by degrees let it be: brought to a-heat big 
enoughto make all the filings, that are mixt with the quick Lime;to melt, 
and no more ; for if the fire be too hot , -many of theſe filings will joyn 
and run together ; whereasit the heat be proportioned , upon waſhin 
the Lime-duſt in fair Water , all thoſe ſmall filings.of i the Metal-will fub- 
ſide to the bottom in a moſt curious powder , conſiſting all of exattly 
round —_— which, it it be very fine, is very excellent to make Hour- 
lafſes of. | ' 15003, 
F Now though quick Lime be the powder that this direCtion:makes 
choice of, 'yet I doubt not, but that there may be much more convenient 
ones found out; one of which I have made tryal of, and found very effe- 
Etual 3 and were it not for diſcovering, by the mentioning of it, another 


Secret, which I am not free to impart, I ſhould have here inſerted 
It, | 


F, 


Obſerv. IX; Of the Colours obſervable in Muſcovy Glaſs, and 
other thin Bodies. ; | 


Oſcovy-glaſs,or Lapis ſpecularis,is a Body that ſeerns to have as ma- 

ny Cunoſities in its Fabrick as any common Mineral I have mer 

with : for firſt, It is trariſparent to a great thickneſs: Next, 1t.is com- 
pounded of an infinite number of thin flakes joyned or generated one 
upon another ſo cloſe & ſmooth,as with many hyndreds of them to make 
one ſmooth and thin Plate of a tranſparent flexible ſubſtance,which with 
care and diligence may be {lit into pieces ſo exccedingly thin as to be 
hardly perceivable by tlie eye, and yet even thoſe, which I have thought 
the thinneſt; Thave with'a good Aficroſcope found to be made up of many 
ether Plates, yet thinner; and it is probable, that, were our Merge 

muc 
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much berter , we might much further diſcover its divilibility. , Nor are 
theſe flakes only regular as to the {moothneſs of their Surfaces 3 but third» 
ly , In many Plates they may be perceived to be terminatedinaturally 
with edges of the figure of a Khowboeid. This Figure is mach more con- 
ſpicuows in our Engliſh talk, imuch whereof is found in the Lead Mines, 
and is mere rp called Spar , and Kanck,, which is of the ſame kind of 
ſubſtance with the 8clexitis, bur is ſeldom fourid:in fo large flakes as that 
is, nor i3 it al ſo tuff, but is much more clear and tranſparent,and 
much more curiouſly ſhaped , and ” 6 may be cleft and flak'd like the 0- 
ther Selenitis, But fourthly, this ſtone has a property, which in reſpeR 
of the Aricroſcope, is more notable, and that is, that it exhibits ſeveral ap- 
_pearances of Colours, both tothe naked Eye,: but much more;confpicu- 
ully rothe Aficreſcope 3, for the exhibiting of which , I took a piece of 
anbooel and CR or cleaving it into thin Plates, I found that up 
And down m ſeveral parts of them I could plainly perceive ſeveral white 
ſpecks or flaws, and others diverſly coloured with all the Colours of the 
Rainbows and with the Aicroſcope I could perceive , that theſe Colours 
were ranged in rings that incompaſied the white ſpeck or flaw, and were 
round or . —_—— the ſhape of the ſpot which they termi- 
nated z and the nof Colours, in reſpeC& of one another, was the 
_ ſame as in the Kairbow. The conſecution of thoſe Colours from the 
middle of the ſpot outward being Blew, Purple, Scarlet, Yellow, Green; 
Blew, Purple, Scarlet, and fo onwards, ſometimes half a ſcore times re- 
peated,that is,there appeared f{1x,ſeven,cight.nine or ten ſeveral coloured 
rings or lines, each incircling the other, in the ſame manner as I have of- 
ten ſeen a very vivid Rainbow to have four or five ſeveral Rings of Co- 
lours, that is, accounting all the Gradations between Red and Blew for 
one : But the order of the Colours in theſe Rings was quite- contrary to 
the primary or innermoſt Aaizbow, and the ſame with thoſe of the ſecon- 
dary or outermoſt Rainbow ; theſe coloured Lines or triſes, as I may ſo 
call them , were ſome of them much brighter then others , and ſome of 
them alſo very much broader, they being ſome of them ten,twenty, nay, 
I believe , neer a hundred times broader then others; and thoſe uſually 
were broadiſh which were neereſtthe center or middle of the flaw. And 
oftentirnes I found , that theſe Colours reacht to the very middle of the 
flaw. and then there appeared in the middle a very large ſpot, for the 
moſt part, all of one colour , which was very vivid , and all the other 
Colours incompaſiing it, gradually aſcending, and growing narrower to- 
wards the edges, keeping the ſame order, as inthe ſecurdary Kaimbore, 
that is.if the middle were Blew, the next incompaſiing it would be a Pur- 
ple.the third aRed, the fourth a Yellow, &c. as above ; if the middle 
were aRed,the next without it would be a Yellow,the third a Green, the 
fourth a Blew,and fo ohward,, And this orderitalwayes. kept whatſo- 
ever were the middle Colour, | . 
There was further obſervable in ſeveral other parts of this Body, ma- 
ny Lines or Threads,cach of them of ſome one peculiar Colour, and thoſe 
ſocxceedingly bright and vivid , that it afforded a very pleaſant object 
*through 
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through the 24icroſcope. Some of theſe threads I have obſerved alſoto 
be pieced or made up of ſeveral ſhort lengths of differently coloured 
( as I may fo call them ) asa line appearing about two.inches long 


through the Afcroſrope , has been compounded. of about half aninch of 


a Peachcolour, # of a lovely Graſs-green, + of ah inch more of a bright 
Scarlet.and the reſt of the line of a Watchet blew. Others of them were 
much otherwiſe coloured ; the variety being almoſt infinite. Another 
thing which is very obſervable, is, that if you find any place where the 
colours are very broad and conſpicuous to the naked eye, you may, by 
preſling that place with your finger, make the;colours change places,and 
gofrom one part to another. | | 

There is one Phenomenon more, which may, if care be uſed, exhi- 
bit to the beholder, as it has divers times tome, an exceeding pleaſant, 
and not lefs inſtructive Spectacle 3 And that is, if curiofity an iligence 
beuſed , you may ſo ſplit this admirable Subſtance , that you may have 
pretty large Plates ( in compariſon of thoſe ſmaller ones which you may 
obſerve inthe Rings ) that are perhapsan 4 ora +3 part of aninch over; 
each of them appearing through the Microſcope moſt cunoully, intirely, 
and umformly adorned with fome one vivid colour : this, it examined 
with the Aficroſcope , may be plainly perceived tobe in all parts of it e+ 
qually thick. Two, three, or more of theſe lying one upon another, ex- 
hibit oftentimes curious compounded colours, which produce ſuch a 
Compoſatunz , as one would ſcarce imagine ſhould be the reſult of ſuch r- 
eredients: As perhaps a faint yel/ow and a blew may produce a very de 
purple. Burt when anon we come to the more {trict examination of theſe 
Phenomena, and to inquire into the cauſes and reaſons of theſe pradufti- 
ens, we ſha}l.I hope, make it more conceivable how they are produced; 
and ſhew them to be no other then the natural and neceſlary effects ari- 
ſing from the peculiar union of concurrent cauſes. | | 

Theſe Phenomena being fo various, and (o truly admirable, it will cer- 
tainly be very well worth our inquiry ; to examine the cauſes and reaſons 
of them.,and to conſider, whether from theſe cauſes demonſtratively evi- 
denced , may not be deduced the true cauſes of the produttion of all 
kind of Colours. And I therather now do it, inſtead of an Appen- 
dix or Digreffion to this Hiſtory, then upon the occaſion of examining 
the Colours in Peacocks, or other Feathers, becauſe this Subjeft , as it 
does afford' more variety of particular Colours ; fo does it afford much 
better wayes of examining each 'cirenmſtance. And this will be made 
manifeſt to him that confiders ; firſt ,. that this laminated body is more 

nple and regular then the parts of Peacocks feathers, this confiſting on- 

ly of an indetmite number of plain and ſmooth Plates, heaped up, or 7- 
exmbent on each other: Next, that the parts of this body are much more 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 
ther,or any other ſubſtance that I know. And thirdly, becauſe that in this 
we areable from a colourleſs body to produce feveral coloured bodies, 
affording all the variety of Colours imaginable : And ſeveral: others, 
which the ſubſequent Inquiry will make n__ 
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To begintherefore, it is manifeſt from ſeveral circumſtances, that the 
material.cauſe of the apparition of theſe ſeveral Colours, 1s ſome Lamina 
or Plate of a tranſparent or pellucid body of a thickneſs very determi- 
nate and proportioned according to the greater or leſs refractive power 
of the pellxcid body. And that this is ſo,abundance of Inftances and par- 
ticular Circumſtances will make maniteſt. 

As ft, if youtake any ſmall piece of the 2wſcovy-glaſs , and with a 
Needle, or ſome other convenient Inſtrument, cleave it oftentimes into 
thinner and thinner Lamine, you ſhall find, that till you come toa deter- 
minate thinneſs of them, they ſhall all you tranſparent and colourleſs, 
but if you continue to ſplit and divide them further, you ſhall find ar laſt, 
that cach Plate. after it comes to ſuch a determinate thickneſs, ſhall ap- 

r molt lovely ting'd or imbued with a determinate colour. If frrther, 
y any means you fo flaw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thoſe two there be by any 
means gotten ſome pellucid medium, thoſe laminated pellucid bodies that 
fill that ſpace, ſhall exhibit ſeveral Rainbows or coloured Lines, the co- 
lours of which will be diſpoſed and ranged according to the various 
thicknefles of the ſeveral parts of that Plate. That this is fo, is yet firr- 
ther confirmed by this Experiment. 

Take two fmall pieces of ground and poliſht Looking-glaſs-plate, 
each about the bigneſs of a ſhilling, take theſe two dry , and with your 
fore-fingers and thumbs preſs them very hard and cloſe together,and you 
ſhall find, that when they approach each other very near, there will ap- 
pear ſeveral 1riſes or coloured Lines, in the ſame manner almoſt as in the 
Muſcovy-elaſr; and you may very eaſily change any of the Colours of 
any part of the interpoſed body, by preſſing the Plates cloſer and hard- 
er together,or leaving them more lax ; that 1s,a part which appeared co- 
loured with ared, may be preſently ting'd with a yellow, blew, green, 
purple , or the like , by altering the appropinquation of the terminating 
Plates.Now that air is not neceſlary to be the interpoſed body, but that 
any other tranſparentfluid will do much the fame, may be tryed by wer- 
ting thoſe approximated Surfaces with Water , orany other tranſparent 
Liquor. and proceeding with it in the ſame manner as you did with the 
Air 3 and you will find much the like effect , only with this difference, 
that thoſe compreſt bodies, which differ moſt, in their refractive quality, 
from the compreſſing bodies, exhibit the moſt ſtrong and vivid tin- 
tures. Nor is it neceſſary , that this /azrinated and trng'd body ſhould 
be of a fluid fubſtance , any other ſubſtance., provided it be thin enough 
and tranſparent, doing: the ſamething : this the Lamine of our 2uſcovy- 
glaſs hint 5 but it may be confirm'd/by multitudes of other Inſtances. 

And firſt, we ſhall find, that even Glaſs it {elf may, by thehelp of a 
Lamp, be blown thin enough to produce theſe Phenomena of Co- 
lours: ' which Phenomena accidentally happening , as I have been 
— to frame {mall Glaſles with a Lamp , 'did not alittle furprize 
me at” firſt, having. never heard.or ſeen any thing of it before; 
though afterwards comparing it with the Phexomena , I had often 

| obſerved 
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obſerved an thoſe Bubbles which Otriklven nſe to niake with Soxpwater, 
1 did the leſs wonder 3 eſpecially whenupun Experittent Ifound, I was 
able. © produce the ſame Phepomentin thin Bubbles made with any 
ethertranſparent Subſtance. Thus have I produced them with Bubbles 
of Pitch, #ofin, Colophony,Turpemtine, Sohations of (everal Gans, us Grunc- 
Arabich, in waver; amy yluttmom Liquor,as Wort, Wine,gpirit of Wine, Oyl 
of Turpentine, Glaye of $nails, bc. my | 

Tc _ p aprnetoc NC EIIIETEN , theſe 
cnouph to encralny or an1 wy of this:  Onl 
muſt not om, ru, a have mſtanves alſo of this rk yo muy pe oo 
Bodies and animal ; for thoſe ſeveral Colours whichare obſerved to fob 
low cach other upon the polidhe furface of hardned Steel, when it by a 
ſufficient degree of heat gradually rempered or ſoftened , areproduced 
from nothing elſe but a certain thin Tamizau of a vitrum or Virr ified part 
of the Metal,which by that degree of heat, and the concurring ation of 
the ambient Air.js driven out and fixed on the fatfaceof the Sted. 

And this hints to me a very probable { at leaſt, if not the wwae) cauſe 
of the hardning and tempering of' Steel, which has not, Ithink, been yer 
given,nor, that | know of, been ſo mack as thought of by any. "And that 
15 this,that the hardneſs of it ariſes from a greater proportion of a vitrifi- 
ed Subſtance interſperſed through the poresof the Steel. And that the 
tempering orſoftnitg of it arifes froth the proportionate or ſmaller parcels 
of it-left within thoſe pores. This will fern the more probable , if we 
confider theſe Particulars. 3 

Firſt, That the pure parts of Metals are of themſelves very flexible 
and rf 5 thatis, will indure bending and hammering,and yet retain their 
cont | 

Next, That the Parts of all vitrified Subſtances, as all kinds 6f Glaſs, 
the Scoria of Metals, &-. are very hard, and alſo very brittle, being nei- 
ther flexible nor malleable, but tay by hammering or beating be broken 
into ſmall parts or powders. 

Thirdly, That all Metals ( exvepring Gold and Silver , Which'do not 
ſo much with the bare fire, unleſs afliſted by other ſaline Bodies ) do 
more or leſs vitrifie by the ſtrength of fire, thatis, are corroded by a ſa- 
line Subſtance, which I elſewhere ſhew to be the true canſe of figez and 
are thereby, as by ſeveral other Merſtrmmns.converted into Storia 3 And 
this is called, calcinmg of thetn, by Chimiſts. Thus Iron and Goppee by 
heating and quenching do turn all of them by —_ into 8corid, wh 
are evidently vitrified Subſtances , and unite with Glaſs , and are eaſily 
Fieſeble 5 and when cold, very hard, and very brittle. 

Fourthly, Thar ftioſt kind of Yitriftdtions or Calcinations art thade by 
Salts, uniting and incorporating with the metalline Particles. Nor do I 
know any one calcination wherein a 8alive body may not; with very 
great probability, be faid to be at agent or coadjutor, 

Fifthly, That Iron is converted imo Steel by thieans of the incotpora- 
tion of certain ſalts, with which it is kept a certain time in the fire. 


I 2 Sixthly, 
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Sixthly, That any Iron may, in a very little time, be caſe hardned, as 
the Trades-men call it, by caſing the iron to be hardned with clay, and 
putting between the clay and iron a good quantity of a mixture of Urize, 
Soot, Sea-ſalt, and Horſes hoofs (all which contein great quantities of Sa- 
line bodies) and then putting the caſe intoa g ſtrong fire, and keep- 
ing it in a conſiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling it ſuddenly in cold water. 

Seventhly,That all kind of vitrify'd ſubſtances,by being ſuddenly cool'd, 


| become very hard and brittle. And thence ariſes the pretty Phenomena 


of the Glaſs Drops, which I have already further explained inits own 
place. an! 
i , That thoſe metals which are not ſo apt tovitrifie, do not ac- 
quire any hardneſs by quenching in water, as Silver, Gold, &c. 
Theſe conſiderations premis'd, will, I ſuppoſe, make way for the more 


 eaſie reception of this following Explication of the Phenomena of hardned 


and temper'd Steel. That Steel is a ſubſtance made out of Iron, by means 
of a certain proportionate Yz:trificatio» of ſeveral parts, which are fo cu- 
riouſly and proportionately mixt with the more tough and unalter'd parts 
of the Iron, that when by the great heat of the hire this vitrify'd tub- 
ſtance is melted, and conſequently rarify'd, and thereby the pores of 
the Iron are more open, if then by means of dipping it in cold water it 
be ſuddenly cold, and the parts hardned, that is, ſtay'd in that ſame de- 
of Expanſion they were in when hot, the parts become very hard 
and brittle, and that upon the ſame account almoſt as ſmall parcels:of 
laſs quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in ſome convenient heat,till by 
degrees certain colours appear upon the ſurface of the brightned metal, 
the very hard and brittle tone of the metal, by jor ys relaxes and be- 
comes much more tough and ſoft ; namely, the aCtion of the heat does 
by degrees looſen the parts of the Steel that were before ſtreached or ſet 
atilt as it were, and ſtayed open by each other, whereby they become 
relaxed and ſet at liberty, whence ſome of the more brittle interjacent 
parts are thruſt out and melted intoa thin skin on the ſurface ofthe Steel, 
which from no colour increaſes to a deep Purple, and ſo onward by theſe 
gradations or conſecutions, White, Tel/ow, Orange, Mininm, Scarlet, Purple, 
Blew Watchet, &c. and the parts within are more conveniently, and pro- 
portionately mixt 3 and fo they gradually ſubſide into a texture which 
1s much better proportion'd and cloſer joyn'd, whence that rigidneſle 
of 'parts ceaſes, and the parts begin to acquire their former du&il- 
neſs. | 
Now.that 'tis nothing but the vitrify'd metal that ſticks upon the ſurface 
ofthe colour'd body, is evident from this, that if by any means it be ſcra- 
ped and rubb'd off,the metal underneath it is white and clear:and if it be 
ept longer in the fire, ſo as to increaſe to a conſiderable thickneſs, it 
may, by blows, be beaten offin flakes. This is further conftirm'd by this 
obleryable, that that Iron or Steel will keep longer from ruſting which 
is covered with this vitrify'd caſe : Thus alſo Lead will, by degrees, «- 
all 
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all tmrn'dinto- a lithargez for that colour which covers the top being 
ſcum'd or ſhoy'd afide; appears to be nothing; elſe but a litharge or 

This is obſervable alſo in ſome ſort , 'on Braſs, Copper; Silver, : Gold, 
Tin, but is: moſt conſpicuous in Lead: | all thoſe Colours,that coyer the 
ſurface of the Metal being nothing elſe , but s very thin 'vitrifi'd part 
of the heated Metal. | | | 1; 2159 

The other Inſtance we have, is in Animal bodies,.as.in, Pearls, :Mother 
of Pearl-ſhels,. Oyſter-ſhels, and almoſt all. other kinds of ſtony ſhels 
whatſoever. -'iThis have Ialſo ſometimes with pleaſure obſerv'd even 
in Muſcles and Tendons. Further, it on take any glutinous ſubſtance 
and run it.exceedingly thin; upon the ſurface of a ſmooth glaſs or doen 
liſhe metaline: body, you ſhall find the like cffe&s produced : and in 
general, whereſoever you meet with a tranſparent body thit enough, 
that is terminated by reflecring bodies of differing refraCtions from it; 
there will be a production of theſe pleafing and lovely colours. 

Nor is it neceſlary, that the two terminating Bodies ſhould be both of 
the ſame kind, as may appear by the vitrified Lamine on Steel, Lead, and 
other Metals,one ſurface of which Laine is contiguousto the ſurface of 
the Metal, the other to that of the Air. | | 

Nor is it neceſſary, that theſe colour'd Lamine ſhould be of an even 
thickneſs, that is, ſhould have their edges and middles of equal thickneſs, 
as in a Looking-glaſs-plate, which circumſtance is only requiſite to make 
the Plate appear all of the ſame colour 3 but they may reſemble a Lews, 
that is, have their middles thicker then their edges; or elſe a double cor- 
cave, that is, be thinner in the middle then at the edges; in both which 
caſes there will be various coloured rings or lines,with differing conſeeu- 
tions or ordets of Colours 3 the order of the firſt from the ttiddle out- 
wards being Red, Yellow, Green, Blew, &«c. And the latter quite con- 


But further, it 1s altogether neceſſary, . that the Plate, in the places 
wherethe Colours appear, ſhould be of a determinate thickneſs : Firſt, It 
muſt not be more then ſuch a thickneſs, for when the Plate is increaſed to 
ſuch a thickneſs, the Colours ceaſe 3 and beſides, I have ſeen%n a thin 
piece of Mſcovy-glaſs, where the two ends of two Plates, which appear- 
ing both fingle , exhibited two diſtin&@ and differing Colours ; but 
in that place where they were united, and conſtituted one double Plate 
(asI may call it ) they appeared tranſparent and colourleſs. Nor , Se- 
condly , may the Plates be thier then ſuch a determinate cize; for we 
alwayes find, that the very outmoſt Rim of theſe flaws is terminated in 
a white and colourleſs Ring. | | 

Further, in this Production of Colours there isno need of a determi- 
nate Light of ſuch a bigneſs and no more, nor of a determinate poſition 
of that Light,that it ſhould be on this fide,and trot on that fide; nor of a 
terminating ſhadow, asin the Priſme, and Rainbow, or Water-ball:--for 
we find, that-the Light inthe open Air, either in or out of the Sun-beams, 
and within a Room, cither from one os many Windows, produces much 

the 
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the ſame effeft : only _——— is brighteſt, there the Colours ate 
moſt vivid. $o does the 11 a Candle , collected by a Glaſs-batl. 
And further, it is all one whatever fide of the coloured Rings be to+ 
wards the light; for the whole Ring keeps its proper Colowrsfrom the 
middle outwardsin the ſame order as 1 related , without varying 
at a, upon changing the poſition of the light: | 
But above all it is moſt obſervable, that here are all kind of Colours 
ted in a pelvcid body,where there is properly no ſach refrattion as 
Des Cartes ſuppoſes his Globules to acquire a verticity by : For in the 
lain and even Plates it is manifeſt, that the ſecond retraction -( accord- 
to Des Cartes his Principles inthe ffth Seton of the eighth Chapter 
of bis Meteors ) does regulate and reſtore the ſuppoſed tarbinated Glo+ 
les wnto their former uniform motion. This Experiment therefore will 
prove fach a one as our thrice excel/ent Verulam calls Experimentum Cru- 
cis, ſerving as # Guide or Land-mark , by which to direct our courſe in 
the ſearchafter the true cauſe of Colours. Affording us this particular 
negative Information, that for the production of Colours there is not ne- 
either a great refra&ion, as in the Prilme ; nor Secondly, a deter- 
mination of Light and ſhadow , ſiich'as is both in the Prifme and Glaſs- 
ball. Now that we may ſee likewiſe what affirmative and pofitrve Inſtru- 
on it yields,it will be neceſſary, to examine it a httle more particularly 
and ſtrictly ; which that we may the better do, it will be requiſite to 
"gg ſomewhat in general concerning the nature of Light and Refra- 
ton. 


And firſt for Light,it ſeems very manifeſt, that there 1s no luminous Bo4 
dy but has the parts of it in motion more or leſs. 

Firſt, That all kind of fery burning Bodies have their in motion, 
I think, will be very eafily granted me. That the fpark ftruck from a 
Flint and Steel is ina rapid agitation, I have elſewhere made probable. 
And that the Parts of rotten Wood,yotten Fiſh,and the like, are alſo in mo+ 
tion, I think, will as eafily be conceded by thoſe, who conſ1der,that thoſe 
parts never begin to ſhine till the Bodies bein a ſtate of putrefaction z 
and that is now generally granted. by al}, tobe cauſed by the motion of 
the partsof putrifying bodies. That the Boxonian ſtove ſhines no lon- 
ger then it is either warmed by the Sun-beams, or by the flame of a Fire 
or of a Candle, is the general report of thoſe that write of it, and of 
others that have ſeen it. And that heat argues a motion of the internal 
parts,is ( as I faid before ) generally granted, 

But there js one Inſtance more , whitch was firſt ſhewn tothe Koyal $9- 
ciety by Mr. Clayton a worthy Member thereof, which does make this AF 
ſertion more evident then all the reſt : And that is, That a Diawond be- 
ing r#b'd, ſtruck, or heated mthe dark, ſhines for a pretty while after, ſo 
long as that motion, which is imparted by any of thoſe Agents, remaine 
(in the ſame manner as a Glaſs,rubb'd,ſtruck,or(by a means which I ſhalt 
elfewhere mention!) heated, yields a found which lafts as long as the vi- 
brating motion of that ſoxorons body ) ſeveral Experiments made on 
which Stone. arc fince publiſhed in a Difcourfſe of Colours, by the truly 
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honourable Mr. Boyle. What may he faid of rhoſe #qnes fatui that aps 
pear in the night,I cannot ſo well affirm; having never had the opportunis 
ty. to-examine them my ſelf,, nor to be inform'd; by any others that had 
obſerv'd them: And the relations of thervin Authors 'are-ſo impentect; 
that nothing.can be built on them. But I hope I fthall be able in avother 
place to make itat leaſt very p_ that there is even-in thb(t a 
Motion which eauſcs this effect. That the ſhining of Sea-weter praceeds 
from the ſame cauſe, may be argued from'this, 'Þhat+i6 thines/hat till &- 
ther it be beaten againſt a Rock, or befome other wayes broken.oragi» 
tated by Storms, or Oars, or other perexſſing bodies. And thatche As 
nimal Exergyes or Spirituous agil parts are: very ative in Cats:; ear when 
they ſhine, ſeems evident enough, becauſe their eyes never-thine but 
when they look very intenlly either to find their prey, or bemnghumted 
in a dark Toon, when they ſeek after their adverlary, ar to find a way to 
eſcape. And the like may be faid of the ſhining Bel/ies of 'Gloworms, 
ſince 'tis evident they can at pleaſure either increaſe cr extinguiſh that 
Radiation. SH 135 | 
It would be ſomewhat too long a work for rhis place Zetetirally to 
examine, and poſitively to prove, what particular kind of motion it is 
that mult be the efficient of Light z for - though 'it be a motion; yet. tis 
mot every motion that producesit,. {fince we find there: are many: bodies 
very violently mov'd,. which yet afford not ſuch an effect ; i and there 
are other bodies, which to our other ſenſes, {eem not mov'd fo niuch; 
which yet ſhine. Thus Water and quick-filver, and moſt other kquors 
heated, ſhine notz and ſeveral hard bodies, as tron, Silver, |Brdfs,Cop- 
per, Wood, ©. though very often {truck with a hammer, ſhiriendt pre« 
ently, though they will all of them grow exceeding hot z3 whereas rot« 
ren Wood, rotten Fiſh, Sea water, Gloworms; &c:i have nothing of tan+ 
gible heat in them, and yet ( where there is no ſtronger light toafiect the 
Senſory) they ſhine ſome of them ſo Vividly, that -one may make a ſhift 
to read by them. ex-97tet 
It would: be too long, Ifay, here to inſert the diſcurſive progreſs by 
which I inquir'd after the proprieties of the motion of Light, and: there+ 
fore I ſhall only add the reſult. 
And, Firſt, I found it ought to be exceeding quick, ſuch as thoſe moti- 
ons of fermentation and putrefattion, whereby, certainly, the parts are 
exceeding nimbly and violently mov'd:; and that, becaule we hnd thoſe 
motions are-able moreminutely to ſhatter and divide the bodyithen the 
moſt violent heats or mexſtrunms we yet know. : And that fire isnothin 
elſe but ſuch a diſſolution of the Burning body, made by the moſt arriver- 
fal wenſtruum of all ſalphnreous bodies, namely, the Air, wwe: ſhall' in an 
other place. of this Tractate endeavour to make 'probable. | :And: thar, 
in all extreamly hot ſhining bodies, ther&'is a very quick motion that 
cauſes Light, as well as a more robuſt that cauſes :Heat, may be'argued 
from the celerity wherewith the bodyes are diflolv'd.' 11 no 7 
Next, it muſt be a Yibrative motion.” And for this the newly thebtion'd 
Diamondatiords us a good argument; fines if the motion of tlic parts did 
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not return,the Diamond muſt after many rubbings decay and be waſted: 
but we have no reaſon to fuſpe& the- latter, eſpecially if we conſider 
the exceeding difficulty that 1s found in cutting or wearing: away a Di- 
amond. a Circular motion of the mou 1s much more improbable, 
ſince, if that were granted,and they be fuppos'd irre Angular 
parts, I ſee not how the parts of the Diamond ſhould hold fo firmly to- 

ether, or remain in the ſame ſenſible dimenſions, whith yet they do. 
Next, if they be Globular, and mov'd only with a txrbinated motion, I 
know not any cauſe that can impreſs that motion upon the pel/xcid me- 
dium, which yet is done. Thirdly, any other irregs#lar motion of the 
parts/one amongſt another, muſt neceſſarily make the body of a fluid 
conliſtence, from which it is far enough. It muſt therefore be a Yibra- 
ting motion. | | 

And Thirdly, That it is a very ſhort vibrating motion, T think the in- 
ſtances drawn from the ſhining of Diamonds will alſo make probable. 
For a Diamond being the hardeſt body we yet know in the World, and 
conſequently the leaf! apt to yield or bend, muſt conſequently alſo have 
its vibrations exceeding ſhort. 

And theſe, Ithink, are the three principal proprictics of a motion, re- 
quiſite to produce the effect call'd Light in the Objedt. 

The next thing we are to confider, is the way or manner of the traje- 
Zion of this motion through the interpos'd. pellucid body to the eye : 
And here it will be ecafily granted, 

Firſt, That it muſt be a body f#ſceptible and izypartible of this motion 
that will deſerve the name of a Tranſparent. And next, that the parts of 
ſuch a body muſt be Homogemeons, or of the ſame kind. Thirdly. that the 
eonſtitution and motion ot the parts muſt be ſuch, that the appulte of the 
luminous body may be communicated or propagated through it tothe 
greateſt imaginable diſtance in the leaſt imaginable time; though I ſee 
no reaſon to affirm, that it muſt be in. an inſtant : For I know not any one 
Experiment or obſervation that does proveit. And, whereas it may be 
objected, That we ſee the Sun riſen at the very inſtant when it is above 
the ſenſible Horizon, and that we ſee a Star hidden by the body of the 
Moon at the ſame inſtant, when the Star, the Moon, and our Eye are all 
in the ſame line ; and the like Obſervations, or rather ſuppoſitions, may 
be urg'd. TI have thisto anſwer, That I can as eaſily deny as they affirm; 
for I would fain know by what means any une can be affured any more 
of the Affirmative, then I of the: Negative. If indeed the propagation 
were very flow. 'tis-poſhible Bcc might be diſcovered: by Eclyp- 
ſes of the. Moon 3 but though we ſhould grant the progreſs of the light 
from yr tothe Moon, and m_ the mo back tothe Earth a- 

in to be full two Minutes in performing, 1 know not any poflible 
_6vndl to diſcover itz nay, there may be ſome inſtances perhaps of Ho- 
rizontal Eclypſes thattmay ſeem very much to favour this ſuppoſition of 
the ſlower progreſſion. of Light then moſt imagine, And the like may 
be ſaid of the Eclypſes of the: Sun, &c. But: of. this oply by the by. 
Fourthly, That the motion is propagated every way through .an Howo- 
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veneons medium by dire or ſtraight lines extended every way like Rays 
trom the center of a Sphere. Fitthly, in an Homogeneous medium this mo- 
tion is propagated every way with equal velocity, whence neceſlarily eve- 
ry p*lſe or vitration of the luminous body will generate a Sphere, which 
will continually increaſe, and grow bigger, juſt after the ſame manner 
(though indefinitely ſwifter) as the waves or rings on the ſurface of the 
water do ſwell into bigger and bigger circles about a point of it, where; 
by the ſinking of a Stone the motion was begun, whence it neceſlarily fol- 
lows, that all the parts of theſe Spheres undulated through an Homogene- 
ous medinm cut the Rays at right angles. 

But becauſe all ras tend medinms are not Homogeneons to one an- 
other,therefore we will next examine how this pulſe or motion will be 
propagated through wag. $4 tranſparent zwedinms. And here, ac- 
ud 1.4 to the molt acute and excellent Philoſopher Des Carter, I ſup- 
poſe the ſign of the angle of inclination in the firſt »redinm to be to 
the ſign of refraction in the ſecond, As the denſity of the firſt, to the 
denfity of the ſecond. By denſity, I mean rfot the denſity in reſpect of 
gravity (with which the reftraCtions or tranſparency of mediums hold no 
proportion) but in reſpect onely to the trajeTion of the Rays of light, in 
which reſpett they only differ in this; that the one propagates the pulſe 
more eaſily and weakly, the other more {lowly, but more Droogty, But 
as for the pulſes themſelves, they will by the refraction acquire another 
propriety, which we ſhall now endeavour to explicate. _. 

We will ſuppoſe therefore in the firſt Figure AC FD to be a phyſical 
Ray, or ABC and DEF to be two Mathematical Rays, trajeFed from 
a very remote point of a luminous _ through an Homogeneons tranſpa- 
rent medium LLL, and DA, EB, F C, to be ſmall portions of the or- 
bicular impulſes which muſt therefore cut the Rays at right angles; theſe 
Rays meeting with the plaiff ſurface NO of a redinm that. yields an 
eahter traxſtus to the propagation of light, and falling obliquely on it; 
they will in the zedizz: MMM be refracted towards the perpendicular 
of the ſurface. And becauſe this 2xedzum is more. eaſily trajeFed then 
the former by a third, therefore the point © of the orbicular pulſe FC 
will be mov'd to H four ſpaces in the ſame time that F the other end of 
it is mov'd to G three ſpaces, therefore the whole refrafted pulſe G H 
ſhall be ob/rque to the refratted Rays CHK and GI; and the angle G H C 
ſhall be an acute, and fo much the more acute by, how much the greater 
the refration be; then which nothing is more evident, for the ſign of the 
inclination is to be the ſign of refraction as GF'to T C the diſtance be- 
tween the point C and the perpendicular from G on. CK, which being as 
four to three, H C being longer then GF is longer alſothenT C, there+- 
fore the angle GHC is lefs than G T' C. | So that henceforth the:parts of 
the pulſes GH and IK:are mov'd: aſcew, or cut the Rays at-oblrque 
angles. FC Sel: | | 
- It is not my buſineſs in this place to ſet down the reaſons why this or 
that body ſhould impede the Rays more,others leſs : as why Water ſhould 
tranſmit theRays more eaſily, though : weakly than air. Onely thus 
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much in general I ſhall hint,that I ſuppoſe the wedivas MMM to have leſs 
of the v0 ve undulating ſubtile matter, and that matter to be lef 
implicated by it, whereas LLL I ſuppoſe to contain a greater quantity 
of the fluid undulating ſubſtance,and this to be more implicated with the 
particles of that wedina. 

But to proceed, the ſame kind of ob/iquity of the Pulſes and Rays will 
ba alſo when the refraction is made out of a more eaſfie into a more 
difficult wedii:; as by the calculations of GQ & CSR whichare refrated 
from the perpendicular. In both which calculations 'tis ebviows to obſerve, 
that always that part of the Ray towards which the refraCtion is made 
has the end of the orbicxlar pulſe precedent to that of the other ſide. And 
always,the oftner the refraction is made the ſame way,Or the greater the 
fingle refraQtion is, the more is this __ progreſs. So that havi 
found this odd propriety to be an inſeparable concomitant of a refrafte 
Ray, not irelghtned by a contrary refraction, we will next examine the 
reffattions of the Sun-beams, as they are ſuffer'd onely to paſs through a 
ſmall paſſage, obliquely out bf a more difficult,into a more cafic wedinxe. 

Let us Lppoſe therefore ABC in the ſecond Figure to repreſent 
a large Chimical Glaſz-body about two foot long, filled with very fair Wa- 
ter as high as AB, and inclin'd in a convenient poſture with B towards 
the Sun : Let us further ſuppoſe the top of it to be cover'd with an opa- 
cons body, all but the hole 2 b, through which the Sun-beams are ſuffer'd 
to paſs into the Water,and are thereby refracted to c def,againſt which 

, if a Paper be expanded on the outſide, there will _ all the co- 
of the Rain-bow, that is, there will be generated the two principal 
colours, Scarlet and Blye, and all the iztermediate ones which ariſe from 
the compoſition and dilutings of theſe two, that is, c d ſhall exhibit a 
Scarlet, which toward d is diluted into a Te/ow 3 this is the refraction of 
the Ray, #&;, which comes from the underfide of the Sun ; and the Ray 
eF ſhall appear of a deep Blxe, which is gradually towards e diluted in- 
toa pale Watchet-blue. cen d and e the two dilxtcd colours, Blxe 
and Telow are mixt and compounded into a Greer; and this I imagine to 
be the reaſon why Gree is ſo acceptable a colour to the eye, and that 
either of the two extremes are, if intenſe, rather a little offenfive, name- 
ly, the being plac'd in the middle between the two extremes, and com- 
pounded out of both thoſe, diluted alſo, or ſomewhat qualifi'd, for the 
_ ex, ariſing from _ —_— of the two » ons wn 
es a Pxrple, which t it be a lovely colour,and pretty acceptable 
to the eye, yet isit _ comparable to the raviſhing pleaſure with 
which a curious and well tempered Greer: affetts the eye. If removi 
the Paper, the eye beplac'd againſt'c d, it will perceive the lower fide 
of the Sun (or a Can x night which is much better, becauſe it offends 
not the eye, and is more cafily manageable) to be of adeep Red, and if 
againſt ef it will perceive the upper part of the luminous body to be of 
a deep Blxez and theſe colours will appear deeper and deeper, accord- 
ing asthe Rays from the luminous fall more obliquely on the fur- 
face of the Water, and thereby buſier a_ greater refrattion, and the 
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more:iſticidt; the further c d ef is removed from:the trajedting hole. 
;\80 thit:ipon:the whole, we thall find that thereafon of the Pherome- 
2a ſcetns to'depend upon theobliquityiof the orbicutar pulſe,to:the. Lines of 
Radiation.and-in\particulargthat the Ray c 4 whichconſtitutes the $cay- 
let has its mner-parts, namely thoſe. which are next. t& the middle of the 
luminousbody;;precederit to the outermoſt which:ate contiguous to the 
dark and wrradiating fkie. * And thatthe Ray ef which me Blue, has 
its outward part,namely, that which' is contiguous to the dark. 1kie prece- 
dent tothe pulſe fromthe innermoſt, . which borders on the bright erca 
of the lumihous body 7 | 

.» We may obſerve further,that the cauſe of the di/xting of the colours to- 
wards the middle,proceads partly from the widenels of the hole:through 
whictithe Rays paſs, whereby the Rays from ſeveral parts of the hami- 
noigÞSoily; fall upon manywf the ſatne parts between .c: andF as is' more 
manifeſtby the Figure: Afd partly alſo from the natute of the refraion 
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itſelf, forthe vividneſsor ſtrength of the two terminating colouts, ariſing | 


chiefly as we have ſeen, from the very great difference that is betwixt the 
outlides ofitboſe oblique nndulations & the dark Rays circumambient,and 
that diſparigy. betwixt the approximate Rays,decaying gradually: the fur- 
ther inwatd:;toward the middle of the huminous body'they are remov'd, 
the more muſt the: colour approach to a white or an undiſturbed light. 

Upon the talculation ot the refrattion and reflection from a Ball of 
Water or Glaſs, we have much the ſame Pharomena,namely, an obliquity of 
the undulation in the ſanje manner as we have found it here. Which, be- 
cauſe it is very muchrto our preſent purpoſe, and affords fuch an T»ſtancia 
erucis, as ho one;thatT know has hitherto taken notice of, I ſhatlturther 
£xamine; -For it does very plainly and poſitively diſtinguiſh, and ſhew; 
which of the two Enpotheſes either the Carteſian or this is to: be followed, 
by affording a generation of all the colors in the Rainbow,where accord- 
ing to the Carteſtar Principles there ſhould be none at all rn—_ And 
ſecondly, by affording ah inſtance that does more cloſely confine the 
cauſe of :thele Phenomena of colours to this preſent Hypotheſes, 

And firſt,for the Carteſfar,we have this to object againſt it, That whereas 
he ſays (Meteorum Cap.8.SeF.5.)Sedjudicabam nnicani(refrattiont ſcilicet ) 
ad minimi requiri,& quidem talem nt ejus effeFus alia contratil (refra&#i- 
one) non deſiruatur : Nam experientia docet ſi ſuperficies NM ©&- NP ( mempe 
refringentes) Parallele forent, ratios tantundem per alteram iteruum ereos 

nantumper unam frangerentur zullos colores depiFuros ; This Principle of 

is holds true indeed in a priſme where the retrafting ſurfaces are plain, 
but is contradicted by the Ball or Cylinder, whether of Water of Glaſs, 
where the refradting ſurfaces are Orbicular or Cylindrical. For if we ex- 
amine the paſlage ot-any Globule or Ray of the ptimary 1ris,we ſhall find 
it to paſs our of the Ball or Cylinder again, with the ſame inclination and 
refraction that it enter'd in withall, and that that laſt refration by means 
of- the intermediate refletion ſhall be the ſame as if without an 
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reflection at all the Ray had been twice refracted by two Paraltel 
turfaces; | 
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And that this is true, not onely in one, but inevery Ray that goesto 
the conſtitution of the Pri Iris; nay, in every Ray, kali ouly 
two refraCtions.and-one refleCtion, by the ſurface of the round body, we 
ſhall preſently ſee moſt evident, if we repeat the C 8cheme, men- 
tioned iti. the tenth Sef#jor of the eighth Chapter of his Meteors, where 

Schem.6. EFK NP in the third Figure is 'one of the Rays of the Primary Iris, 

"$3 twicerefratedat F and'N, and once reflected at K by the ſurface of the. 
Water-ball. For, firſt it is evident, that KF and KN are equal, becauſe ' 
K N being the reflected part of K F they have both the ſame mclination 
on the ſurface K that is the angles FKT, and NKV made by the two 
Rays andthe Tangent of K are equal,which is evident by the Laws of re- 
flection ;3-whence 1t will follow alfo, that K N has the ſame inclination on 
the farface N, or the' Tangent of it X N that the Ray KF has tothe fur» 
face F, or the Tangent of it F Y, whence it muſt neceflarily follow,thar 
the refraftions at F and N are equal, that is, KFEand KNP are equal. 
Now, that the ſurface N is by the refleftion at K made parallel to the fur- 
face at F, is evident from the principles of refleCtion; for refleftion =_ 
nothing but an inverting of the Rays,if we re-invertthe Ray KNP, an 
make the ſame inclinations below the line T K V that it has above, it will 
be moſt evident, that K H the inverſe of K N will bethe comimmuation of 
the line F K, and that LHI the inverſe of O X isparallel ro FY. And 
HM the inverſe of NP is Parallel to EF for the angle K HI is equal 
to KNO which is equal toK F Y, and the angle KHM is equal to KNP 
which is equal to KF E which was to be prov'd. 

So that according to the above mentioned Carteſian principles there . 
ſhould be generated no colour at all in a Ball of Water or Glaſs by two- 
refra&ions and one retle&tion, which does hold moſt truc indeed, if the 
ſurfaces be plain, as may be experimented with any kind of priſme where 
the two refraCting ſurfaces are equally inclin'd to the reflecting; but in 
this the Phenomena are quite otherwile. 

The cauſe therefore of the generation of colour muſt not be what Des 
Cartes aligns, namely, a certain rotation of the Globuli etherei,which are 
the particles which he ſuppoſes to conſtitute the Pel/xcid medinm, But 
ſomewhat elſe, perhaps what we have lately ſuppoſed, and ſhall by and 
by further proſecute and explain. 

But,Firſt I ſhall crave leave to propound ſome othet difficulties of = 
notwithſtanding exceedingly ingenious Hypotheſis, which I plainly- 
to me ſeem ſuch; and thoſe are, | 

Firlt, if that light be (as is affirmed, Dzops. cap. 1.. 5. 8.) not fo pro- 
pop a motion,'as an aCtion or propenfion to motion, I cannot conceive | 

ow the eye can came to be ſcnlible of the werticity of a Globule, which is 


generated in a drop of Rain, rum mile off from it. For that Globule is * 


not carry 'd to the eye according to his formerly recited Principle; and if 
not ſo,l cannot conceive how it can communicate its rotetioz, or cireular | 
motion to the line of the Globules between the drop and the eye. It can- 
not be by means of every ones turning the next "= Ha him: for if fo. then 
onely all the Globules that are in the odd places muſt be turned the fame * 
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way with the firſt, namely, the 3. 5. 7.9. 11, cc: but all the Globules 
mr berween them inthe even places; namely.the 2.4.6.8.10.65c. 
muſt be che quite contrary'3 whence; agcording to the Cartefan Hypotheſir, 
there muſt be-no diſtinit colour generated, but a confuſion. - Next, ſince 
the Carteſian Global are ſuppos'd (Principiornn Philaſoph. Part. 3. 5.86.) 
tobe each of them continually in motion about:their centers, I cannot 
conceive/how'the eye is able to diſtinguiſh this new generated motion 
from theit former ia one, if I may fo call that other wherewiththey 
are mov'd or twrbinated, from ſome other cauſe than refration. - And 
thirdly, I cannot conceive: how theſe motions ſhould not happen fome-- 
times to-oppoſe each other, and then, inſtead of a rotator, there would 
+ benothing but a dire& :motion generated, and conſequently no colour. 

And fourthly, 1 cannot conceive, how by the Carteſian Hypotheſes it is poſ- 
fble to give any plauſible reaſon of the nature of the Colours generated 
mthe thin /azine of theſe our Airroſcopical Obſervations ; for in many of 
theſe, the retraCting ard refleting ſurfaces are parallel to each other,and 
conſequently no rotation can be generated, nor is there any neceffity of 
# ſhadow or terminatien of the bright Rays, ſuch as is ſuppos'd (Chap. 8. 
$.5. Et pretered obſervavi umbram quoque,ant limitationem luminis requiri ; 
and Chap. 8. $. 9.) to be neceſlary to the generation of any diſtin co- 
lours 3 Beſides that, here is oftentimes one colour generated without any 
of the other appendant ones, which cannot be by the Cartefan Hy- 
OFDELS. | | 


There rhuſt be therefore ſome other propriety of refraCtion that cauſes 
colour. And-upon the examination of the thing, I cannot conceive any 
one more general, inſeparable, and ſufficient, than that which Ihave be- 
fore aflign'd. That we may therefore-ſee how exactly our Hypotheſit 
agreesalſo with the Phanomene of the refrafting round body, whether 
Globe or Cylinder , we ſhall next ſubjoyn our Calculation or Examen 
of it. 

And tothis end, we will calculate any two Rays: as for inſtance z let 
EF be aRay cutting the Radius C D (divided into 20. parts)in G 16; 
parts diſtant from C, and ef another Ray, which cuts the ſame Kadins 
ing 17. partsdiſtant,theſe will be refraCted to K and k, and from thence 
refledte roN/and #, and from thence refratted toward P and p; there- 
fore the Arch Ff will be 5.4 5'. The Arch F K 106.4: 30'; the Arch f 4 
ror.4 2, The line F G&000o. and f g 5267. therefore ; f. 733: therefore 
Fc 980, almoſt. Theline F K 16024. and f & 15436. theretote Nd 196. 
6 #0 broragny oa 101t9 the Arch Nx 5.4 51. therefore 
t > Naovis 244 43. therefore the Angle N o ». is 1394 56, 
which almoſt $0. lives thak a right Angle. _ | 

lt 1s evident thetefore'by this Hypotheſes, that at the fame time that e f 
touches EF is arrived-at #. And by that time e f4# is got to x, 
EFKN is got to &, and whenit touches N, the pulle of the other Ray 
is got to #5. and no farther, which is very ſhort of the place it ſhould have 
arriv'd to,to make the Ray # p to cut the orbicular pulſe. N 0 at right 
Apgles : therefore the Angle Nop is an acute Angle, but the quite con- . 


trary 
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trary of this will happen,if 17.and 18.be calculated in ſtead-of16.and 17; 
both which does moſt exattly oo with the Phenomena : For if the Sun, 
or a Candle (which is better) be placed about E e, and the eye about 
P p, the Rays EF ef. at 16. and 17. will paint the fide of the luminous. 
obje& toward = p Blwe,and towards N P Red. But the quite contrary will 
happen when EF is17. and ef 18. for then towards N P ſballbe a Blue, 
and towards »p a Red, exactly according to the calculation. : And there 
appears the Blxe of the Rainbow, where the two Blue ſides of the two: 
Images unite, and there the Ked where the two'Red fides unite, that is, 
where [the two Images are juſt diſappearing; which is, whenthe Rays 
EF' and NP produc'd till they meet,make an Angle of about 41. and an 
half; the like union is there of the two Images in the Production of the 
Secundary Iris, and'the ſame cauſes, as upon calculation may appear; | 
onely with this difference, that it is ſomewhat more faint, by reaſon of the 
' duplicate reflection, which does always weaken the impulſe the oftner 
it isrepeated. 

Now, though the ſecond refraction made at N# be convenient,that is, 
do make the Rays glance the more, yet is it not altogether requiſite ; for 
it is plain from the calculation, that the pulſe dz is ſufficiently oblique to 
the Rays K N and 4 z,as wel as the pulſe fc is oblique to the Rays F K & f 4, 
And therefore if a piece of very fine Paper be held cloſe ; N# and 
the eye look on it either through the Ball as from D, or from the other 
fide, as from B. there ſhall appear a Rainbow, or colour'd line painted on 
it with the part toward X appearing Red, towards O, Blue ;the ſame alſo 
ſhall happen, if the Paper be placed about K k, for towards T ſhall ap- 
pear a Aed, and towards V a Blxe, which does exactly agree with this m 
Hypotheſis, as upon the calculation of the progreſs of the pulſe will m_ 
calily appear. | 

Nor do theſe two obſervations of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contradi@ each 
other ; but rather confirm and exactly agree with one another, as will be 
evident to him that examines the reaſons ſet down by the ingenious; 
Des Cartes in the 12, SeF. of the 8. Chapter of his Meteors, where he 
gives the true reaſon why the colours appear of a quite contrary order 
to the eye, to what they appear'd on the Paper it the eye be plac'din 
ſteed ofthe Paper : And as in the Priſme, fo alſo in the Water, Drop, or 
Globe the Phenomena and reaſon are much the ſame. | 

Having therefore ſhewn that there 1s ſuch a propriety in'the priſe 
and water Globule whereby the pulſe is made oblique to the progreſlive, 
and that ſo much the more, by how much greater the refraQion is, I ſhall 
in the next place conſider, how this conduces to the. production of co- 
lours, and what kind of impreſſion it makes upon the bottom of the eye ; 
and to this end it will be requiſite to examine this Hypotheſes a little more 
particularly. | | 

Firſt therefore, if we conſider the manner of the progreſs of the pulſe, 
it will ſeem rational to conclude, that that part or end of the pulſe which 


precedes the other,mulſt neceſlarily be fomwhat more obturdea,or agar 
y 
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by the reſiſtance of the tranſparent zvedivw, than the other part or end of 
it which is ſubſequent, whoſe way is, as it were, prepared by the other 
eſpecially if the adjacent medium be not in the ſame manner enlightned 
or agitated. And therefore(in the fourth Figare of the ſixth Zcomſm the 
Ray AAAHRB will have its fide HH more deadned by the reſiſtance 
of the dark or quiet zvedine: PP P, Whence there will be a kind of dead- 
neſs ſuperinduc'd on the ſide H H H, which will continually increaſe from 
B, and ſtrike deeper and deeper into the Ray by the line BR ; Whence 
all the parts of the triangle, RBHO will be of a dead Blve colour, and 
ſo much the deeper, by how much the nearer they lie to the line BHH, 
which is moſt deaded or impeded, and fo much the more dilute, by how 
much the nearer it approaches the line BR. Next on the other fide of 
the Ray AAN, theend A of the pulſe AH will be promoted, or made 
ſtronger, having its paſlage already prepar'd as twere by the other _=_ 
preceding,and (o its. impreſſion wil be (tronger;And becaule of its obt#qud- 
ty to the Ray,there will be propagated a kind of faint motion into QQ, 
the adjacent dark or quiet medium, which faint motion will ſpread fur- 
ther and further into QQ as the Ray is propagated further and further 
from A,namely,as far as the line M A,whence all the triangle MAN will 
be ting d with a Red, and that Red will be the deeper the nearer it ap- 
proaches the line MA, and the paler or ye//ower the nearer it isthe line 
NA. Anditf the Ray be continued,fo that the lines A N and BR (which 
are the bounds of the Red and Blze diluted) do meet and croſs each other, 
there will be beyond that interſeftion generated all kinds of Greew-. 

Now,theſe being the proprieties of every ſingle refrated Ray of light, 
it will be eafje enough to conſider what muſt be the reſult of very many 
fuch Rays collateral : As if we ſuppoſe infinite ſuch Rays interjacest be- 
tween AKSB and ANOB, which are the terminating : For 1n this caſe 
the Ray A K S B will have its Red triangle intire,as lying next to the dark 
or quiet wedinm, but the other (ide of it BS will have no Blue, becauſe 
the medinn adjacent to it SB O, is mov'd or enlightned,and conſequent- 
ly that light does deſtroy the colour. So likewiſe will theRay ANOB 
loſe its Red,becauſe the adjacent medirm is mov'd or enlightned,but the 
other fide of the Ray that is adjacent to the dark, namely; AHO will 
preſerve its Blue eritire, and theſe Rays muſt be fo far produc'd as till 
AN and BR cut eachother, before there will be any Green produc'd. 
From theſe Proprieties well conſider'd, may be deduc'd the realons of all 
the Phenomena of the priſme, and ofthe Globules or drops of Water which 
conduce to the production of the Rainbow. | | 

Next for the impreſſion they make on the Retire, we will futther ex- 
amine this Hypotbefis : Suppoſe therefore ABCDEF,io the fifth Figure, 
to repreſent the of the eye: on the Correa of which AB C two 
Rays GACH and KCAI (which ate the terminating Rays of a lymi- 
nous body) falling, are by the refraQtion thereof collefied or converg d 
into two points at the bottom of the eye. Now, becanſe theſe termi- 
nating Rays, and all the i#termediate ones which come from = part of 
the luminous body, are fuppos'd by ſore ſufficient refraftion e they 

- enter 
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enter the eye, to have their pulſes made oblique to their progreſſion, and 
conſequently each Ray to have potentially ſuperinduc'd two proprieties, 
or colours,vis. a Red on the one f1de, and a Blxe on the other, which not- 
withſtanding are never aftually manifeſt, butwhen this or that Ray hasthe 
one or the other fide of it bordering on a dark or unmov'd wedinm,there- 
fore as ſoon as theſe Rays are entred into the eye,and fo have one fide of 
each of them bordering on a dark part of the humours of the eye, they 
will each of them actually exhibit ſome colour z therefore ADC the pro- 
duction G A CH will exhibit a Blze, becauſe the fide CD is adjacent to the 
dark wediumC Q D C, but nothing ofa AKed,becaulſe its fide A D is adjacent 
to the enlightned medium ADF A : And all the Rays that from the points 
of the luminous body are colle&ed on the parts of the Retina between D 
and F ſhall have their Blue ſo much the more diluted by how much the far- 
ther theſe points of colleCtion are diſtant from D towardsF ; and the Ra 
AFC the production of K C AI, will exhibit a Red, becauſe the ſide A F 
is adjacent to the dark or quiet »redinm of the eye APF A, but nothing 
ofa Blue,becauſe its fide CF is adjacent to the enlightned medinm CF DC, 
and all the Rays from the intermediate parts of the luminous bedy that 
are colle&ted between F and D ſhall have their Red ſo much the more di- 
luted, by how much the farther they are diſtant from F towards D. 
Now,becauſe by the refraction in the Cornea,and ſome other parts of the 
eye, the ſides of each Ray, which before were almoſt parallel, are made 
tocoxverge and meet in a point at the bottom of the eye, therefore that 
fide of the pulſe which preceded before theſe refraCtions, ſhall firſt touch 
the Retina. and the other fide laſt. And therefore according as this or 


that fide, or end of the py ſhall be impeded, accordingly will the 7»#- 


eſſions on the Retina be varied; therefore by the Ray GACH re- 
fracted by the Corzea to D there ſhall be on that point a ſtroke or impreſ- 
fion confus'd, whoſe weakeſt end, namely, that by the line CD ſhall pre- 
cede, and the ſtronger, namely, that by the line AD ſhall follow. And 
by theRay K CAT retracted to F, there ſhall be on that part a confus'd 
ſtroke or at $0997 Pr ſtrongeſt part,namely.that by the line C F ſhal 

recede, and whoſe weakeſt or impeded, namely, that by the line A F 
ſhall follow, and all the intermediate points between F and D will re- 
ceive impreſſion from the converg d Rays ſo much the more like the im- 
29% > ua on F and D by how much the nearer they approach that 
or this, * 

From the conſideration of the proprieties of which impreſſions, we may 
collect theſe ſhort definitions of Colours : That Blue is an impreſſion or 
the Retina of an oblique and confus d pulſe of light, whoſe weakeſt part pre- 
cedes,) and whoſe ſtrongeit follows. And, that Red 3s an impreſſion on the Re- 
tina of an'oblique and confus'd pulſe of light, whoſe ſtrongeſt part precedes,and 
whoſe weakeſt follows. 

Which proprieties,as they have been already manifefted,in the Priſme 
and falling drops of Rain, to be the cauſes of the colours there generated, 
may be eaſily found to be the efficients alſo of the colours [appearing in 
thin laminated tranſparent bodies; for the explication of which, all this has 
been premiſed, And 
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And that this is fo, a little cloſer examination of the Phenomena and 
the Figxre of the body, by this Hypotheſes, will make evident. 

For firſt (as we have already obſerved) the laminated body mult be 
of a determinate thickneſs, that is, it muſt not be thinner then fach a de- 
terminate quantity 3 for I have always obſery'd, that neer the edges 
of thoſe which are exceeding thin, the colours diſappear, and the part 
grows white 3 nor muſt it be thicker then another determinate quantity ; 

forT have likewiſe obſerv'd, that beyond ſuch a thickneſs,no colours ap- 
pear'd, but the Plate looked white, between which two determinate 
thickneſſes were all the colour'd Rings; of which in ſome ſubſtances I 
have found ten or twelve, in others not halt ſo many, which [ſuppoſe de- 
pends much upon the tranſparency of the laminated body. Thus though 
the conſecutions are the ſame in the ſcumm or the {kin on the top of me- 
tals; yet in thoſe conſecutions the ſame colour is not ſo often repeated 
as in the conſecutions in thin Glaſs, or in Sope-water, or any other more 
tranſparentand glutinous liquor; for in theſe I have obſerv'd, Red, Tel- 
low, Green, Blue, Purple ; Red,Yellow.Green,Blue, Purple; Red,Yellow,Green, 
Blue, Purple ; Red, Tellow, &c. to ſucceed each other,ten or twelve times, 
but in the other more opacons bodies the conſecutions will not be half 
ſo many. 

And therefore ſecondly, the laminated body mult be tranſparent, and 
this I argue from this, that I have not been able to:produce any colour 
at all with an epacous body,though never ſo thin. And this I have often 
try'd, by preſſing a {mall Glebule of Mercury between two. {mooth Plates 
of Glaſs, whereby I have reduc'd that body to a much greater thinneſs 
then was requiſite to exhibit the colours with a tranſparent body. 
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Thirdly;there muſt be a conſiderable reflecting body adjacent tothe 


under or further ſide of the /az#in4 or plate: for thisI always tound, that 
the greater that refle&ion was, the more vivid were the appearing 
colours. | 
From which Obſervations.it is moſt evident.that the refledtion fromthe 
under or further fide of the bodyis the principal cauſe of the-production of 
theſe colours 3 which,that it is ſo,and how it conduces to that ettect;l thall 
pros + 1059 in the following Figure,which is here deſcribed of a yery 
great thickneſs, as if it had been view'd: through the 2icroſcope 3 and 'tis 
indeed much thicker than any A2fcroſcope(l have yet us'd)has been able to 
ſhew me thoſe colour'd plates of Glaſs, or 144ſcovie-glaſs, whichThave not 
without much trouble view'd withit ; for though have endeavoured to 
magnifie them as much as'the Glaſles were a of, yet are they {o ex- 
ceeding thin, that have not hitherto been able poſitively to determine 
_ hickneſs. This Figure therefore I here repreſent, is wholy Hy- 
potbetical. T4 WSIY' [MH 
Let ABCDHFE-in the fixth Figure be a fruſtnm of Muſcony-glaſs, 
thinner toward the end A E, and thicker towards DF. Let us tuſt{up- 
poſe the Ray « g þ b coming from the Sun, or fome remote: luminons 
obje(t to fall obliquely'on the thinner plate BAE, part therefore 1s re- 
flected back, by c g + d,':the firſt para ug ; whereby the Pye 
L pulle 
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pulſe 2 b is after refle&ion propagated by cd, c d, equally remote from 
each other with ab, a6, ſo that ag *gc, or bh * hd are either of 
them equal to 4 4, as is alſo cc, but the body BAE being ge {nonn. 
part of the light of this Ray is refracted in the ſurface AB, an = a- 
gated by gz kh to the ſurface E F, whence it is refletted and refrafted 
again by the ſurface A B. So that after two refractions and one refleCtion, 
there is propagated a kind of fainter Ray e #z » f, whoſe pulſe is not on- 
ly weaker by reaſon of the two refraCtions in the ſurface AB, but by rea- 
& of the time ſpent in paſſing and repaſling between the two ſurfaces 
AB and EF, ef which isthis fainter or weaker pulſe comes behind the 
pulſe c d ; ſo that hereby (the ſurfaces AB, and EF being ſo neer toge- 
ther, that the eye cannot diſcriminate them from one) this confus'd or 
duplicated pulſe, whoſe ſtrongeſt part precedes, and whoſe weakeſt fol- 
lows, does produce on the Retina (or the optick nerve that covers the 
bottom of the eye) the ſenſation of a Tel/ow. 

And ſecondly, this Te/ow will appear ſo much the deeper, by how 
much the further back rowards the middle between c 4 and cd the ſpu- 
rious pulſe ef is remov'd, as in 2 where the ſurface BC being further 
remoy'd fromEF, the weaker pulſe ef will be nearer to the middle, and 
will make an impreſſion on the eye of a Reg. 

But thirdly, if the two refleCting ſurfaces be yet further remov'd afun- 
der'(asin 3 CD and EF are) thenwill the weaker pulſe beſo farr 
behind, that it will be more then half the diſtance between c 4 and cd. 
And in this caſe it will rather ſeem to precede the following ſtronger 
pulſe, then to follow the preceding one, and conſequently a Blze will be 
generated. And when the weaker pulle is juſt in the middle beween two 
{trong ones, then is a deep and lovely Pxrple generated ; but when the 
weaker pulſe ef is very neer to cd, then is there generated a Greer, 
which will be blxer, or yelower, according as the approximate weak pulſe 
does precede or follow the ſtronger. 

Now fourthly, ifthe thicker Plate chance to be cleft into two thinner 
Plates, as CDFE isdivided into two Plates by the ſurface GH then 
from the compoſition arifing from the three reflections in the ſurfaces 
CD, GH, and EF, there will be generated ſeveral compounded or mixt 
colours, which will be very differing, according as the proportion be- 
tween the thickneſles of thoſe two divided Plates CDHG, and GHFE 
are varied. 

And fifthly, if theſe ſurfaces CD and FE are further remov'd aſunder, 
the weaker pulſe will yet lagg behind much further, and not onely be 
coincident with the ſecond, c d, but lagg behind that alſo, and that fo 
much the more, by how much the thicker the Plate be; fo that by de- 
grees It will be coincident with the third c d backward alſo, and by de- 
reed as the Plate grows thicker with a fourth, and ſo onward to a fifth, 
ixth, ſeventh, or eighth; fo that if there be a thin tranſparent body,that 
from the greateſt thinneſs requiſite to produce colours, does, in the man- 
ner of a Wedge,by degrees grow to the greateſt thickneſs that a Plate can 
be of;toexhibit a colour by the refleCtion of Light from ſuch a A 
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ſhall be generated ſeveral conſecutions of colours, whoſe order from the 
thin end towards the thick, ſhall be Tel/ow,Red, Purple, Blue,Green; Tellow, 
Red,Purple,Blue.Green ; Tellow,Red,Purple,Blue,Green; Tellow 8c: and theſe 
ſo often repeated, as the weaker pulſe. does loſe paces with its Primary; 
or firſt pulſe, and is coincident with a ſecond, third; fourth,fifth,ſxth,@c. 

ulſe behibd the firſt. And this, as it is coincident, or follows from the 
firſt Hypotheſis I took of colours,fo upon exeriment have I found it in mul- 
titudes of inſtances that ſeem to "5 it. One thing which ſeems of the 


preateſt concern in — , is to determine the greateſt or leaſt 
thickneſs requilite for theſe effects, which, though I have not been want: 


ing in attempting, yet ſo exceeding thin are theſe coloured Plates, and fo 
imperfeC our Aficroſcope.that I have not been hitherto ſucceſsfull,though 
if my endeayours ſhall anſwer my expectations, ſhall hope to gratifie the 
curious Reader with ſome things more remoy'd beyond our teach 
hitherto. | 

Thus have IL, with as much brevity as I was able, endeavoured to expli- 
cate (Hypothetical at leaſt) the cauſes of the Phenomena I formerly re- 
cited, on the conſideration of which I have been the more particular. 

Firſt, becanſe I think theſe T have newly given are capable of expli- 
cating all the Phenomena of colours, not onely of thoſe appearing in the 
Priſme, Water-drop, or Rainbow, and in laminated or plated bodies, but 
of all that are in the world, whether they be fluid or Folid bodies, whe- 
ther in thick' or thin, whether tranſparent, or ſeemingly opacous, as 1 
ſhall in the next Obſervation further endeavour to ſhew. And ſecond! 4 
becauſe this being one. of the two ornaments of all bodies diſcoverable 
by the ſight, whether looked on with, or without a Aficroſcope, it ſeem'd 
to deſerve (ſomewhere in this TraCt, which contains a deſcription of the 
Figure and Colour of ſome minute bodies) to be ſomewhat the more in- 
timately enquir'd into. 


Obſerv. X. Of Meralline, and other real Colours. 


[ JAving in the former Diſcourſe, from the Fundamental cauſe of Co- 
lour, made it probable, that there are but two Colours, and ſhewn, 
that the Phantaſme of Colour is caus'd by the ſenſation of the eblique or 
uneven pulſe of Light which is capable of no more varieties than two 
that ariſe from the two ſides of the oblique pulſe, though each of thoſe 
be capable of infinite gradations or degrees (cach of them beginning 
from White, and ending the one in the deepeſt Scarlet or Telow, the other 
in the deepeſt B/ze): I ſhall in this SeFzor ſet down ſome Obſervations 
which have made of other colours, ſuch as Adetalline powders tingi 
or colour'd., bodies and ſeveral kinds of tin&ures or ting 'd liquors, a 
which, together with. thoſe I treated. of in the former Obſervation! wall, 
I ſuppoſe, compriſe the ſeveral ſubjeQts in which colour isobſerv'd to 
be inherent, and the ſeveral tnanuers by which it izheres, ot isapparent 
L 2 n 
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in them. And here I ſhall endeavour toſhew by what compoſition all kind 
of compound colours are made, and how there is no colourin the world 
but may be made from the various degrees of theſe two colours, together 
with the intermixtures of Black and #/hrte. 

And this being fo, as I ſhall anon ſhew, it ſeems an evident argument 
to me; that all colours whatſoever, whether in fluid or ſolid, whether 
in very tranſparent or ſeemingly opecous, have the ſame efficient cauſe, 
to wit, fome kind of refratior whereby the Rays that proceed 
from fach bodies, have their pulſe ob{iqnated or confus'd in the manner 1 

in the former Seo; thar is, a Red is caus'd by:a duplicated 
or confus'd pulſe, whole ſtrongeſt pulſe precedes,and a weaker follows : 
and a Blxe is caus'd by a confus d pulſe,where the weaker pulſe precedes, 
and the ſtronger follows. And according as theſe are, more or leſs, or 
variouſly mixt and compounded, fo are the fexſatiovs, and conſequently 
the phantaſms of colours diverſgfied. 

To proceed therefore ; I ſuppoſe, that all tranſparent colour'd bodies, 
whether fluid or ſolid, do conſiſt at leaſt of two parts, or two kinds of 
ſubſtances, the one of a ſubſtance of a ſomewhat differing refra#ion from 
the other. That one of theſe ſubſtances which may be call'd the tinging 
ſubſtance, does confalt of diſtinct parts, or particles of a determinate big- 
neſs which are difſerrinated, or diſpers'd all over the other : That theſe 
particles, if the body be equally and uniformly colour'd, are evenly 
rang dand diſpers'd over the other contiguous body ; That where the 
body is deepeſt ting'd, there theſe particles are rang d thickeſtzs and 
where 'tis but faintly ting 'd, they are rang'd much thinner, but uniformly, 
That by the mixture of another body that unices with either of theſe, 
which has a differing refrattion from either of the/other, quite differi 
efiefts will be produc'd,that is,the conſecutions of the confus'd pulles wil 
be much of another kind, and conſequently produce other Gnſetinns and 
phantaſms of colours, and from a Ked may turn to a Blue, or from a Blue 
to a Red, &c. 

Now, that this may be the better underſtood, I ſhall endeayour to ex- 

lain my-meaning a little more ſenſible by a Szheme +. Sup e there- 
= in the ſeventh Figzre of the ſixth Scheme, that AB CD repreſents a 
Veſſel holding a w_ liquor, let I 11 I I,Sc.-bethe clear liquor,and let 
the tinging body that is mixt with it be. E E,&c. FF, &+v.GG, &4. 
H H,ec. whoſe particles (whether round; or ſome other determinate 
Figureis little to our purpoſe)are firſt of a determinate and equal bulk: 
Next, they are rang'd into the form of 9v;mcanx, or Equiliterotriangu- 
ler order,which that probably they are ſo,and whythey are fo,l ſhall elſe 
where endeavour to ſhew. Thirdly,they are of ſuch a nature;as doeseither 
moreeafily or more difficulty tranſmit the Rays'of light then the liquor z 
if more eafily,a 3/neis\generated, and if more difficultly, a Red of Searles. 

And firſt, let us ſuppoſe the ringing particles tobe of a ſubſtance that 
does more - ipede" the Rays of light , we ſhall find that the pulſe or 
wave of light moy'd from A D to-B C, vill proceed on,through the con- 
taini inm by the pulſes or | waves KK, LE, MM, N N00; bue 
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becauſe —_ of york -_ go to the conſtitution of theſe pulſes 
will be {hugged or {top y the tibging particles E,F,G.,H ; therefore 
there ſhall bv a ſecardary and weak m3 Lriny follow the Ray, name- 
ly P P which will be the weaker: firſt, becauſe it has ſuffer d many re- 
fattions in the impeding body; next, for that the Rays will be a little 
diſpersd or confus'd by reaſon of the retraction: in each of the particles, 
whether | ra\md or angalar; and this will be mote evident, if ve a little 
more cloſely examine any one particular tinging Globnle. 

Suppoſe we thetefore AB in the eighth Fgxre of the fixth Scheme, to 
repreſenta tinging Globule or particle which has a greaterrefraftion than 
the liquor in-which it iscontain'd : Let CD be a part of the pulle of light 
which is propeeated __ the containing mredinnrr; this pulſe will be a 
little ſtopt or impeded by the Gidbalc, and fo by that time the pulſe is 
paſt toE F'that part of it which has been impeded by paſſing through the 
Globnle,” will get but to LM, and fo- that pulſe which has been propa- 
gated through the Globyle, to wit, LM, NO, PQ, will always come 
behind the pulſes EF, GH, IK, ec. | 

Next, by reaſon of the greater impediment in A B, and its Globulat Fi- 
gure, the Rays that paſsthrough it will be diſpers'd, and very much ſcar- 
ter d.Whence CA and DB which before went drre@ and paralielyill after 
the refraCtion in A B, diverge and ſpread-by A P, and BQ; fothatas the 
Rays do meet with more and more of theſe tinging particles in their 
way, by ſo much the more will the pulſe of light further lagg behind 
the clearer pulſe, or that which has fewet reftaCtions, and thence the 
deeper will the colour be, and the fainter the light that is trajefted 
through itz for not onely many Rays are reflected from the ſurfaces of 
A B, bur thoſe Rays that get-througlvit are very much diſordered; 

By this Hypobeſes there is no one experiment of colour that: I have yet 
met with; but may be, I conceive, very rationably folv'd, and perhaps, 
had I time to examine \everal particulars requilite to the demonſtration 
of it, I might prove it more than probable, for all the experiments about 
the cha and mixings of colours related in the Treatiſe of Cotonrs, 
publiſhed by the 1#comparable Mr. .Boyle, and multitudes of others which 
I haveobſerv'd, doo cally and-naturally flow from thoſe principles,that 
Iam very apt to think it probable, that they own their produttionto no 
other ſeruntatry cauſe : Asto inſtance 1ntwo or three experiments. In the 
twentieth Experiment, this Noble Authour has ſhewn that the deep bhiifþ 

le-colowr of Yiolets, may be turn'd into a Grees; by Altalizate Salts, 
and toaRedby acid; that is, a Purple conſiſts of two colours, a deep Red, 
and a deep Blzez when the Blue is diluted, or altered, .or deftroy'd by 
acid Sults,the Red becomes predominant, but when the Red is diluted by 
Alcalizate, and the Blue heightned, there is generated 'a Greez'z''for of 4 
Red diluted, ismadeaTel/ow), and Yelloty and Bluemake a Green, - 

Now. becauſe the ſpawioss pulſes which cauſe a Red and a Blue, do the 
one follow the cleax pulſes and the other precedeir, it uſually follows, 
that thoſe 8aize refrafting bodies which do dis the colour of the one, 
_ do deepen thar of the- « And this. will be ade hs 5 * 
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moſt all kinds of Purples, and many ſorts of Greens, both theſe colours 
conſiſting ofmixt colours; for if we ſuppoſe A and A in the ninth Figure, 
to repreſent two pulſes of clear light, which follow each other at a con- 
venient diſtance, A A, each of which has a ſpwrious pulſe preceding it, as 
BB. which makes a Blxe,and another following it, as CC, which makes a 
Red, the one caus'd by tinging particles that have a greater refraftion,the 
other by others that have a leſs refraCting | Jp then the _— or 
Menſiruum in which theſe are difſolv'd, whatſoever liquor does lo alter 
the refraftion of the one, without altering that of the other part of the 
ting'd liquor, muſt needs very much alter the colour of the 11quor ; for 
if the refraftion of the diſolvent be increas'd, and the refraGtion of the 
tinging particles not altered, then will the preceding ſpurions pulle be 
ſhortwed dr ſtopt, and not out-run the clear pulſe ſo much; ſo that BB 
will become EE, and the Bluc be diluted, whereas the other ſpurious 

ulſe which follows will be made to lagg much more, and be further be- 
hind AA than before, and CC will become ff, and fo the Telow or 
Red will be heightned. 

A Salixe liquor therefore,mixt with another ws d liquor,may alter the 
colour of it ſeveral ways, either by altering the retraction of the liquor in 
which the colour ſwims : or ſecondly by varying the refraction of the co- 
loured particles, by uniting more intimately either with ſome particular 
corpuſcles of the tinging body, or with all of them, according as it has a 
_— to ſome more eſpecially, or to all alike: or thirdly, by — 
and interweaving it ſelf with ſome other body that is already joyn' 
with the tinging particles, with which ſubſtance it may have a congrnity, 
though it have very little with the particles themſelves : or fourthly, it 
may alter the colour of a ting 'd liquor by diſ-joyning certain particles 
which were before united with the tinging particles, which though they 
were ſomewhat congrzoxs to theſe particles, have yet a greater congruity 
with the newly infus'd Saline menſtruum. It may likewiſe alter the co- 
lour by further diſſolving the tinging ſubſtance into ſmaller and ſmaller 
perticles, and fo diluting the colour; or by uniting ſeveral particles toge- 
ther as in precipitations, and ſo deepning it, _ ſome ſuch other ways, 
which many experiments and compariſons of differing trials together, 
might eafily inform one of. 

From theſe Principles applied , may be made out all the varieties 
of colours obſervable, either in liquors, or any other ting'd bodies, with 
great eaſe, and I hope intelligible enough, there being nothing; in the z0- 
tion of colour, or in the ſuppos'd production, but is very conceivable, and 
may. be-poſlible. 

The-greateſt difficulty that I find againſt this Hypotheſis, is; that there 
ſeem tobe more diſtin colours then two, that is, then Yellow and Blue. 
This ObjeQtion is grounded on this reaſon, that there are ſeveral Reds, 
which dilxted, make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet ſeemsto be a third colour diſtinft from a deep degree of Yellow. 

To whichlI anſwer, that Saffron affords us a deep Scarlet tinQure,which 
may be dilated intoas pale a Yellow as any, either by making a weak fo« 
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lution of the Saffron, by infuſing a ſmall parcel of it into a great quantity 
of liquor, as in ſpirit of Wine, or elſe by looking through a very thin 
quantity of the tincture, and which may be heightn'd into the lovelieſt 
Scarlet, by looking through a very thick body of this tinCture,ot through 
a thinner parcel of it, which is highly 7»-pregnated with the tinging body, 
by having had a greater quantity of the Saffron diſſoly'd in a ſmaller par- 
cel of the liquor. 

Now, though there may be ſome particles of other tinging bodies that 
givea lovely Scarlet alſo, which though diluted never ſo much with liquor, 
or looked on through never ſo thin a parcel of ting'd liquor,will not yet 
afford a pale Yellow, but onely a kind of faint Red yet thisis no argu- 
ment but that thoſe ting dparticles may have in them the fainteſt degree of 
Yellow,though we may be unable to make them exhibit it;For that power 
of being diluted depending upon the divilibility of the ting'd body, if I 
am unable to make the tinging particles ſo thin as to exhibit that colour, 
it does not therefore follow,that the thing is impoſſible to be done ; now, 
the tinging particles of ſome bodies are of ſuch a nature, that unleſs there 
be found ſome way of comminuting them into leſs bulks then the liquor 
does diflolve them into, all the Rays that paſs through them muſt neceſ- 
farily receive a tinCture ſo deep, as their appropriate refraftions and bulks 
compar'd with the PR of the A liquor muſt neceffarily 
diſpoſe them to empreſs, which may perhaps be a pretty deep Yellow, 
or pale Red. | 

And that this is not gratis di&zz2, I ſhall add one inſtanceof this kind, 
wherein the thing is moſt maniteſt, | 

If you take Blue Salt, you ſhall find, that to afford the deepeſt Blue, 
which ceteris paribxs has the greateſt particles or ſands; and it you far- 
ther divide, or grind thoſe particles on a Grindſtone, or porphyry'ſtone, 
you may by comminuting the ſands of it, dilute the Blue into as pale'a one 
as you pleaſe, which you cannot do by laying the colour thin [9 where- 
ſoever any fingle particle is, it exhibits as deep a Blue as the whole maſs. 
Now, there are other Blues, which though never ſo much ground; will 
not be diluted by grinding, becauſe confiſting of very'{mall particles, ve- 
ry deeply ting d,they cannot by grinding be aCtually ſeparated into ſmal- 
ler particles then the operation of the fire, or ſome other diſſolving wer- 
ftrunm,has reduc'd them to already. i 

Thus all kind of 2zetal/ine colours, whether precipitated, ſublim'd, tal- 
cin'd, or otherwiſe prepar'd, are hardly chang'd by grinding, 'as »ltre 
marine is not more diluted; nor is Vermilion or Red-lead made of a more 
faint colour by grinding ; for the ſmalleſt particles of theſe which Thave 
view 'd with my greateſt Magnifying-Glaſs, if they be well enlighthed;'ap- 
pear very deeply ting'd with their peculiar colours ; nor, thoughThave 
magnified and enlightned the particles exceedingly, could I 1ti many of 
them, perceive them to be tranſparent, or to be whole particles;/ but-rhe 
ſmalleſt ſpecks that I could find among well ground Vermilion andiRed- 
lead, ſeem'd to be a Red maſs, compounded of a multitude of leſs and leſs 
motes, which ſticking together, compos'd a bulk, not one thouſand thou- 
ſandth part of the fanalleſi viſible ſand or mote. And 
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And this I find generally in moſt 2etalline colours, that though they 
conſiſt of parts ſo exceedingly ſmall,yet are they very deeply ting d,they 
beitng ſo ponderous, and having ſuch a multitude of terreſtrial particles 
throng'd into a little room ; ſo that 'tis difficult to hind = particle tranſ- 
patent or reſembling a pretious ſtone, though not impoſiible ; for I have 
obſerv'd divers ſuch ſhining and reſplendent colours intermixt with the 
particles of Cinnaber, both natural and artificial, before it hath been 
ground and broken or flaw'd into Vermilion : As T have alſo in Orpiment, 
Red-lead, and Biſe, which makes me ſuppoſe, that thoſe metaline colours 
are by grinding, not onely broken and ſeparated aCtually into ſmaller 
pieces, but that they are alſo flaw'd and bruſed ,whence they, for the 
molt part. become opacons,like flaw'd Cryſtal or Glaſs,@c. But tor Smalts 
and; verditwres, Thave been able with a Aficroſcope to perceive their par- 
ticles very many of them tranſparent. 

Now, that the others alſo may be tranſparent, though they do not ap- 
pear{oto the Aficroſcope,may be made probable by this Experiment : that 
if you take a#rel that is almoſt opacons, and grind it very well on 
a Porphyry, or Serpentine, the ſmall particles will by reaſon of their flaws, 
appear perfectly opacoxs; and that 'tis the flaws that produce this opa- 
conſneſs, may be _—_ from this, that particles of the ſame 4»wme! much 
thicker if untflaw:d will appear ſomewhat tranſparent even to the eye; 
and from: this alſo, that the moſt tranſparent and clear Cryſtal, it heated 
in the fire, and then ſuddenly quenched, fo that it be all over flaw'd, 
wilt appear opacoxs and white. 

And that the particles of Metal/ine colours are tranſparent,may be argu- 
ed yet further from this,that the Cryſtals,or Yitriols of all Metals,are tranf- 
parent, which fince they conſiſt of metal/ime as well as ſaline particles, 
thaſe metaline ones mult be tranſparent, which is yet further confirm'd 
froguthis, that they have for the moſt part, appropriate colours; ſo the 
vitridl of Gold is Yellow ; of Copper;Blue,and ſometimes Green; of Iron, 
greens of Tinh and Lead, a pale White; of Silver,a pale Blue, ec. 

i Anflnext,the: Selntior of all Metals into menſtrunms are much the ſame 
0909 Vitriole, or Cryſtals. It ſeems therefore very probable, that 

hoſe colours. which ate made by the precipitation of thols rticles out 
of the ewenſtranms by tranſparent precipitating liquors ſhould be tranſpa- 
rent alſo. Thus Gold precipitates with ol of Tartar, or ſpirit of Urine in- 
td.a brown Yellow, - Copper with ſpirit of Vrize into a; Mucous blue, 
which xctains its tranſparency. A Thaion of ſublimate (as the ſame 1I- 
laſtriovis AuthourT lately mention'd ſhews in his 40. Experiment) precipi- 
tates; with oyl of; Tartar per deliqninm, into an Orange colour'd preci- 
pit&t65:mpr is it lefsprobable, that the calcination of thoſe Vitriols by 
the-@rt;ſhould have: their particles tranſparent : Thus Satcartm Saturai, 
or, the: H#triol of: ixad by raelcination becomes'a deep Orange-colourd 
mwininw,which is a kind of precapit ation by ſome Salt which proceeds from 
the flies: common #itrriol calcin'd, yichds a deep Brown Red, ec. 

A thizd Argument; that. the particles of Metals are tranſparent, is, that 
being taſcin'd, and-melted with Glab, they tinge the Glaſs with tranſpa- 
2. #14; rem: 
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rent colours. Thus the Calx of Silver tinges the Glaſs on which it is ans 
neal'd with a lovely Yellow,or Gold colour,e*c. | 


And that the parts of Metals are tranſparent, may be farther argued 


from the tranſparency of Leaf-gold, which held againſt the light, both 


to the naked eye, and the Afcroſcope, exhibits'a deep Green. And 
though I have never ſeen the other Metals lazrinated fo thin, that I was 
able to perceive them tranſparent, yet, for Copper. and Braſs, it we had 
the ſame GY for laminating them,as we have for Gold,we might, 
perhaps,through ſuch plates or leaves,find very differing degrees of Blue, 
or Green for it ſeems _ probable, that thoſe Rays that rebonnd from 
them ting 'd, with a _ ellow, or pale Red, as from Copper, or with 
a pale Yellow,as from Braſs, have paſt through them ; for I cannot con- 
ceive how by reflection alone thoſe Rays can receive a tincture, taking 
any Hypotheſes extant. 

So that we ſee there may a ſufficient reaſon be drawn from theſe in- 
ſtances, why thoſe colours which we are unable to dilte to: the paleſt 
Yellow, or Blue,or Green, are not therefore to be concluded not to be a 
deeper degree of them; fer wa. ey had a great company of ſmall 
Globular ence Bottles,or roundGlaſs bubbles.about the bigneſs ofaWal- 
nut, filf'd each of them with a very deep mixture of Saffron, and that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a Elance, a deep dy d Scarlet body. It does not 
Golan, becuule after we havecome nearer to this congeries,or maſs,and di- 
vided it into its parts, and examining each of its parts ſeverally or apart, 
we find them to have much the ſame colour with the whole maſs; it does 
not, I ſay, therefore follow, that if we could break thoſe Globwules ſmaller, 
or any other ways come to ſce a ſmaller or thinner parcel of the ting'd 
liquor that fill'd thoſe bubbles,that that ting'd liquor muſt always appear 
Red, or of a Scarlet hue, ſince if Experiment be made,the quite contrary 
will enſue; far it is capable of being di/nted into the paleſt Yellow. 

Now,that I might avoid all the Objections of this kind, by exhibiting 
an Experiment that might by ocular proof convince thoſe whom other 
reaſons would not prevail with, I provided me a Priſmatical Glaſs, made 
hollow, juſt in the form of a Wedge, ſuch as isrepreſented in the tenth 
Figzre of the (ixth Scheme. The two paralelogram fides ABCD, ABEEF, 
which metat a point, were made of the cleareſt Looking-glaſs plates well 
ground and poliſh'd that I could get;theſe were joyn'd with hard cement 
to.the triangxlar fides, BCE, ADF, which were of Wood ; the Parelelo- 
gram baſe BCEF, likewiſe was of Wood joyn'd onto the reſt with hard 
cement, and the whole :Priſmatical Box was exattly ſtopt every where, 
but onely a little hole near the baſe was-left, whereby the Veſſel could be 
fill d with any liquor, or emptied againat pleaſure.-. CO 

One of theſe Boxes (for I had two of them) Ifill'd with a pretty deep 
tincture of Alpes, drawn onely with-fair Water, and then ſtoptthe hole 
with a piece of Wax, then,by holding this Wedge againſt the Light, and 
looking through it, it was obvious enough to ſee the tinCture of the liquor 
near the edge 'of the Wedge where it was but _ thin, to be a pale oy 

we 
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well colour'd Yellow, and further and further from the edge, ds the li. 

or grew thicker and thicker,this tinfture appear'd deeper and _ 
Ghar near the blunt end,which was ſeven Inches fromthe edge and. three 
Inches and an half thick ; it was of a deep and well colour'd Red. Now, 
the clearer and purer this tinQture be, the more lovely will the deep 
Scarlet be, and the fouler the tintture be, the more dirty will the Red 
appear; fo that ſome dirty tinftures have afforded their deepeſt Red 
much of the colour of burnt Oker or \ wat brown;others as lovely a cq» 
lour as Vermilion, and ſome much brighter z but (eyeral others, according 
as the tinftures were worſe or more foul, exhibited various kinds of Reds, 


ef very differ 
The other bor. Wedges, Ifill'd with a moſt lovely tincture of Co 
per, drawn from the filings of it, with ſpirit of Urize, and this Wedge held 
as the former againſt the Light, afforded all manner of Blues, from the 
fainteſt tothe deepeſt, ſo that I was in good hope by thele two,to have pro- 
duc'd all the varicties of colours imaginable ; for I thought by this means 
to have been able by pl the two Paralelogram ſides together, and 
the edges contrary ways,to have fo mov'd them to and fro one by another, 
as 24 looking through them in ſeveral places, and through ſeveralthick- 
| d have compounded, _ conſequently have ſeen all thoſe 
colours, which by other hke co tions of colours would have enſued. 
| Butinſteed of meeting with [ look 'd for, I met with ſomewhat 
more admirable; and that was, that I found my felf utterly unable to foe 
t them when placed both together, ye. were tranſparent 
enough when afunder z; and though could ſec through twice the thick- 
neſs, when both of them were fill'd with the fame colour liquors, whe- 
ther both with the Yellow, or both with the Blue, yet when one was fill'd 
with the Yellow, the other with the Blue,and both looked through, they 
both a 'd dark, onely when the parts near the tops were look d 
through, they exhibited Greens, and thoſe of very great varicty, as[ ex- 
pected, but the Purples and other colours,l could not by any means make, 
whether I endeavour'd to look through them both againſt the Sun, ar 
whether I plac'd them _ the hole of a darkned room. 
But notwi iog thi ag proceeded on with my trial an 


a darkroom, and having two near. one another, -I was able, 
mſt them,to mix the ting'd Rays that paſt 


placing my Wed 
Som, ed ll ent of white P held at a comvenicat di 
from them as I ; fo thatT could make the Paper of what 


colourl w y varyipg the thickneſſes of theWedg conſequent» 
ly the tindure of the CROTTT through.the two holes, and fome- 
timesallo by varyingche that is, inſbeed of a white Paper, holding 


a gray, ora black nee 5p rh 0 

I experitnentally what I had before imagin'd, that all 
the yaricticsof colours imaginable are prodac'd from ſeveral degrees of 
theſe two colours, namely, Yellow and Blue; or the mixture of them 
with light and darkneſs, that is, whate and black. And all thoſe almoſt 
ys Hy cd bag Ho» 
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-—nragr- 41g ſeveral coloars they lay on their Shels or Fa/ads, anc no- 
rar +5 , but ſome compaſitum, made up of foine one or more, opallof 
ur. 


Now, whereas it may here again be objetted;that neither canthe Reds 
be made our of the Yellows, added together,or laid on in greater or leſs 
quantity, nor can the Yellows be made our of the Reds though laid ne- 
yer ſo thinz and as for the addition of Whne or Black, they donothing 
but either whiten or darken the colours to which they are ry Foe Yarnr a. 
at all make them of any other kind of colour: asforinſtance, Yermilioz, 
by being temper'd with White Lead, does not at all grow more Yellow, 
but onely there is made: a whiter kind of Red. Nor' does Yelfow 0ker, 
though laid never fo thick, produce the cojour of Vermilion, nor thou 
it be tempert'd with Black, does it atall make a Red; nay, though it be 
temper'd with White; it will not afford a fainter kind of Yellow, ſuch as 
wofſicnt, but onely a whiten'd Yellow ; nor will the Blues be dilxted or 
deepned after the manner [I ſpeak of, as Indico wilb never afford ſo fine a 
Blue as Ultramarine or Bye; nor will it,temper'd with Vermilion, ever af 
ford a Green,though each of them be never ſo much temper'd with white. 

To which I anfwer, that there is a great difference between diluting a 
colour and whitening ofit ; for d:b}tizg a colour, is toimake the colour'd 
parts more thin, fo that the ting'd light, which is made by trajetting 
thoſe ting'd bodies, does not receive io deepa tincture ; but white ning 
a colour is onely an imtermixing of . many clear reflections of light 
among the fame ting'd parts; deepning alto, and. darkning or blacking a 
colour, are very ditterent ; for deepning a colour, is to make the 
paſs through a greater quantity of the ſame tinging body 3 and darkni 
or blacking a colour, is onely intexpoling a multitude of dark or black 
ſpots among the ſame timg'd parts, or placing the colour in a more faint 
hight. 

| I therefore,asto the former of theſe operations,that s,diluting; and 
deepning, moſt of the colours us'd by the Limners and Painters are'm- 
capable of, to wit, Vermilion and Red-lead, and Oker, becaulc the ting'd 
parts areſo exceeding ſmall, that the moſt curious Grindftones we have, 
are not able to ſeparate them into parts aCtually divided fo ſmall as the 
ting d particles are; for looking on the moft curioutly ground Yer- 
milion, _ Oher, = ww ry I could — _ even thoſe ſmall 
corpuſcles of the bodies they left were compounded of many pieces, that 
is, they ſeem'd to be ſmall pieces compounded of a ure 4r wear leſter 
ting 'd parts: each piece ſeeming almoſt hke a piece of Red Glafs,or ting d 
Cryſtal all flaw'd ; ſo that unleſs the Gina aCtually divide 
them into ſmaller pieces then thoſe flaw'd particles were, which com- 

unded that ting d mote I could ſee with my Microſcope, it would be 
impoflible to dziute the colour by grinding, which, becauſe the fineft we 
have will not reach to doin YFermzlion or Oker, therefore they cannot at 
all, or very hardly be dilnted. 

Other colours mdeed, whoſe ting'd particles are ſuch as may be made 
imaller, by grinding their colour, may be dibvted. Thus feveral of the 
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Blues may be dilnted, as Smalt and Biſe ; and Maſticut,which is Yellow,ma 
be made more faint : And even Vermilion it ſelf may,by too much i 
ing, be brought to the colour of Red-lead, which is but an Orange colour, 
which 1s tankel by all to be very much upon the Yellow. Now, though 
perhaps ſomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindſtone, or muller, for that ſome of their 
parts may be worn off and mixt with the colour, yet there ſeems not ve- 

much, for I have done it on a Serpentine-ſtone with a muller made of a 
Pebble, and yet obſerv'd the ſame effect follow. 

And ſecondly, as to the other of theſe operations on colours, that is, 
the deepning of them, Limners and Painters colours are for the moſt part 
alſo uncapable. For they —_ for the moſt part gpacons ; and that opa- 
conſreſs, as [ ſaid before, proceeding from the particles, being very much 
flaw'd, unleſs we were able to joyn and re-unite thoſe flaw'd particles 
again into one piece, we ſhall not be able to deepen the colour, which 
ſince we are unable to do with moſt of the colours which are by Painters 
accounted opacows, we are therefore unable to deepen them by adding 
more of the ſame kind. 

But becauſe all thoſe opacoxs colours have two kinds of beams or Rays 
reflefted from them,that is,Rays unting'd, which are onely reflected from 
the outward ſurface, without at all penetrating of the body,and ting'd 
Rays which are reflected from the inward ſurfaces or flaws after they 
have ſuffer'd a two-fold refraction ; and becauſe that tranſparent liquors 
mixt with ſuch corpsſcles, do,tor the moſt part, take off the former kind 
of refleion; theretore theſe colours mixt with Water or Oyl, appear 
much deeper than when dry,for moſt part of that white reflection from the 
outward ſurface 1s remoy'd. Nay, ſome of theſe colours are very much 
deepned by the mixture with ſome tranſparent liquor, and that becauſe 
they may perhaps get between thoſe two flaws, and fo conſequently joyn 
two "— of thoſe flaw'd pieces together ; but this happens but in a 
very few. 

ow, to ſhew that all this is not gratis di&u:, I ſhall ſet down ſome 
Experiments which do manifeſt theſe things to be probable and likely, 
which I have here deliver'd. 

For, firſt, if you take any ting'd liquor whatſoever, eſpecially if it be 
pretty deeply ting'd, and by any means work it into a froth,the congeries 
of that froth ſhall ſeem an opacoxs body, and appear of the ſame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of reflections of the Rays againſt thoſe ſurfaces of the bubbles 
of which the froth conſiſts, does ſo ola rebound the Rays backwards, 
that little or no light can paſs through, and conſequently the froth ap- 
PEArs gPpaconus. 

Again, if to any of theſe ting'd liquors that will endure the boilin 
there be added a fall quantity of fine flower (the parts of which throug 
the Microſcope are plainly enough to be perceived to conſiſt of tranſpa- 
rent corpuſcles) and ſuffer'd to boyl till it thicken the liquor, the _ of 
the liquor will appear opacom7,and ting'd with the ſame colour, but very 
much whiten'd. Thus 


MicrocRAPHIA. 
Thus, if you take a piece of tranſparent Glaſsthat,iswell colonr'd, and 


by heating 1t, and then quenching it in.,Water, :you flaw it all over, 


it will become opacoxs, and will exhibit the ſame colour with which the 
piece is ting d, but fainter and whiter. ibs 

Or, if. yoit take a Pipe of this tranſparent Glaſs,and in the flame of a 
Lamp melt it, and then blow it into very thin bubbles, then break/thoſe 
bubbles, and collect a good parcel of thoſe /a:ire-together in a Paper, 
you ſhall find'that a ſmall thickneſs of thoſe Plates will conſtitute an opa- 
cons body,Jand that you may fee through the maſs of Glaſs before. it be 
thus /amrinated, above four times the thickneſs: And beſides, they will 
now afford a colour : by reflection as other opacoxs (as they are 'call'd) 
colours will, but much fainter and whiter than that of the Lump,or Pipe 
out of which they were made, | | 

Thus alſo,if you take Putty, and melt it with any tranſparent colour'd 
Glaſs,it will make it become an opacoxs colour'd lump, and to yield a pa- 
ler and whiter colour than the lump by reflection. 

The ſame thing may be done by a preparation of A»timrony, as has been 
ſhewn by the Learned Phyſiczan, D* C. AL in his Excellent Obſervations 
and Notes on Nery's Art of Glaſs ; and by this means all tranſparent co- 
lours become opacowns, or awzwels. And though by being — they loſe 
very much of their colour, growing much whiter by reaſon of the multi- 
tude of ſingle refleCtions from their outward ſurface, as I ſhew'd afore, 
yet the fire that in the nealing or melting re-unites them, and fo re- 
news thoſe ſpurioxs refleftions, removes allo thoſe whitenings. of the co- 
lour that proceed from them. 

As for the other colours which Painters uſe, which are tranſparent,and 
usd to varniſh over all other paintintings, 'tis well enough known that 
the laying on of them thinner or thicker,does very much dz/ute or deepen 
their colour, 

Painters Colours theretore conſiſting moſt of them of (olid particles, 
ſo ſmall that they cannot be either re-united into thicker particles by 
any Art yet known,and conſequently cannot be deepned ; or divided in- 
to particles ſo ſmall as the flaw'd particles that exhibit that colour, much 
leſs into ſmaller, and conſequently cannot be diluted; It is neceſlary that 
they whichare to imitate all kinds of colours, ſhould have as many de- 
grees of each colour as can be procur'd. 

And to this purpoſe, both Limners and Painters have awvery great va- 
riety both of Yellows and Blues, beſides ſeveral other colour'd bodies 
that exhibit very compounded colours, ſuch as Greens and Purples; and 
others that are compounded of ſeveral degrees of Yellow, or ſeveral de- 


grees of Blue, ſometimes unmixt, and ſometimes compounded with ſe- 


veral other colour'd bodies. 

The Yellows, from the paleſt to the deepeſt Red or Scarlet, which 
has no intermixture of Blue, are pale and deep Maſticut, Orpament, 
Emgliſh Oker, brown Oker, Red Lead, and Vermilion, burnt Engliſh Oker, 
and burnt brown Oker, which laſt have a mixture of dark or dirty parts 
with them, &c. 

Their 


TT 


78 


MricrocraPHIA. 

Their Blues are ſeveral kinds of Swalts, and Yerditures, and Biſe, and 
Oltramarine, and Trdico, which laſt has many dirty or dark parts inter- 
mixt with it. | 

Their compounded colour'd bodies, as Pirk,, and Ferdigreſe,which are 
Greens, the one a Popirgay, the other a Sea-green; then Lac,which is a 
very lovely Pxrple. 

o which may be added their Black and White, which oy alſo 
ofually call Colours, of each of which they have ſeveral kinds, fuch as 
Bone Black, made of burnt in a cloſe Veſlel, and Blxe Black, made 
of the ſmall coal of Wi{/ow, or ſome other Wood ; and Callers earth, 
which is a kind of brown Black, &c. Their uſual Whites are either ar- 
tificial 'or natural Fhite Lead, the laſt of which isthe beſt they yet have, 
and with the mixing and tempering theſe colours together, are they able 
to make an imitation of any colour whatſoever : Their Reds or deep 
Yellows, they can dilute by mixing pale Yellows with them, and deepen 
their pale by mixing deeper with them; for it is not with Opacoxs co- 
lours as it is with tranſparent, where by adding more Yellow to yellow, 
it is deepned, but in opacons diluted. They can whiten any colour by mix- 
ing White with it, and darken any colour by mixing Black, or fome dark 
and dirty colour, And in a word, moſt of the colours, or colour'd 
bodies they uſe in Limning and Painting, are fuch, as though mixt with 
any other of their colours, they preſerve their own hue, and by being in 
fauch very ſmal parts diſpers'd through the other colour'd bodies, they 
both, or altogether repreſent to the eye a compoſitur of all ; the eye be- 
ing unable, by reaſon of their ſmalneſs, to diſtinguiſh the peculiarly co- 
lour'd particles, but receives them as one intire compoſitun : whereas in 
many of theſe, the Microſcope very eaſily diſtinguiſhes each of the com- 
pounding colours diſtinCt, and exhibiting its own colour. 

Thus have I by gently mixing Yermilion and Biſe dry, produc a very 
fine Purple,or mixt colour,but looking on it with the Mzcroſcope, I could 
ealily diſtinguiſh both the Red and the Blue particles, which did not at 
all produce the Phantaſm of Purple. 

To ſumm up all therefore in a word, I have not yet found any folid 
colour'd body,that I have yet examin'd,perfeGly opacoxs ; but thoſe that 
are leaſttranſparent are Metal/ine and Mineral bodies, whoſe particles ge- 
nerally, ſeeming either to be very ſmall, or very much flaw'd, appear 
for the moſt part opacoxs, though there are very few of them that I have 
look'd on with a Microſcope, that have not very plainly or circumſtanti- 
ally manifeſted themſelves tranſparent. 

And indeed, there ſeem to be ſo few bodies in the world that are x 
minimis opacous, thatI think one may make it a rational very, Whether 
there be any body abſolutely thus epacoxs 2 For I doubt not ar all (and I 
have taken notice of very many circumſtances that make me of this 
mind) that could we very much improve the Afcroſcope, we might be 
able to fee all thoſe bodies very plainly tranſparent, which we now are 
fain onely to | ma at by circumſtances. Nay, the Object Glafles we 
yet make uſe of are ſuch, that they make many tranſparent bodies to the 

eye, 


Microckarmikh. 
eye, ſeem 6pacozs through them,which if ve widew the Apertutes titele; 


and caſt more light on the objects, and nor charge. the'Glaſles ſo dbep, 
will again Teck: their tranſp | nl 


Now, as for all kinds of colours x are diſlolygble in Water,orpther 
liquors, there is nothing ſo manifeſt, as that all thoſpting'd liquorsare 
tranſparent 3iand many of them are capable of being dilated and oom-+ 

ded 'or mixt with other colours, and divers of them are le'of 
ing very much chang'd -and heightned, and fixt with ſeveral kindsof 
Saline menſtruums. Others of them upon compounding, deſtroy or: vie 
tiate each others colours, and precipitate,'or otherwiſe very much alter 
each otherstinfture. In the true ordering and dilating, and deepning, 
and mixing, and fixing of each of which, conſiſts one of the gremeſtmy- 
lteries of the Dyers; of which particulars,becauſe our Aricroſcope affords 
us very little information] ſhall add nothing more at' preſent ; but onely 
that with a very few tinCtures order'd and mixt after certain ways, to0 
long to be here ſet down, | have been able to make ar appearance of all 
the various colours imaginable, without at all uſing the help of 3a{ts; oe 
Saline menſirunms to vary them. lus SOUUDY 
As for the mutation of Colours by Saljze meaſiraums, they have gl- 
ready been fo fully and excellently handled by the lately mention'd In- 
comparable Authour.thatI can add nothing, bur that of a multitude of tri> 
als that I made, Thave found them exaGly to agree with his Rules and 
Theories; and though there may be infinite inſtances, yet maythey be 
reduc'd under a few Heads, and comprisd within « very few Rules And 
generally { find, that 8elive merſtrunms are moſt operative upon thoſe 
colours that are Purple, or have ſome degree of by =o in them, and-yp- 
on the other colours much leſs. The ſpurious pulſes that compoſe which, 
being (as I formerly noted) ſo very neer rhe middle between the true 
ones, that a {mall variation throws them both to one fide, or both to the 
other, and ſo-conſequently muſt make a vaſt mutation in the formerly ap- 
pearing Colour. FDI) =) 
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Oblerv, X 1. Of Figures dbſery'd in foal Sand, 

And every ſeems tobe nothing elſe bux exceeding {mall Pebbles 
or at teaſt ſome very 'ftnall pareek of a bigger ftone ; the whiter kir 

ſeems through the Mieroſegpe to confiſt of ſmall rrapſparent pieces of ſorne 

pelincid bod each of them looking tauch like a piece of Aww, or Salt 

Gem:and this kind of $and is a for the moſt part irregularly,withour 

any certain fhape,and the granules of it are for the mo "or ee erica 


amongſt many of them it is not difficult to faid {ome that are perfettly 
xcid, like a piece of clear Cryſtal, and diyers Fkewiſe moft 'cin uy 
'd, mych after the manner of the bigger 8tirie of Cryſtal, ot ke 

ſmall Diatbants I obſery/d in certain Film ens howard $o re- 

late; which laſt particular ſeems to argue, that this kind of Santis not 


made 
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made by the comminution of greater tranſparent Cryſtaline bodies, but 
by the concretion or c jon of Water,or ſome other fluid body. 

There are other kinds of courſer. Sands, which are browner, and have 
their particles much bigger ; theſe, view'd with a Aficroſcope, ſeem much 
courſer and more opacoxs ſubſtances,and moſt of them are of ſome irregu- 
larly. rounded Figures; and though they ſeem not ſo opacows as to the 
naked eye, yet they ſeem very foul and cloudy, but neither do theſe want 
Joe man's tranſparent, no more than they do regularly figur'd and well 
colour'd particles, as I have often found. 

There are multitudes of other kinds of Sands, which in many particu- 
lars, plainly enough diſcoverable by the Xficroſcope,differ both theſe 
laſt mention'd kinds of Sands, and one another: there ſeeming to be 
a$ great variety. of Sands,as there is of Stones. And as amongſt Stones ſome 
are call'd precious from their excellency, ſo alſo are there Sands which 
deſerve the ſame Epithite for their beauty ; for viewing a ſmall parcel of 
Eaft-India Sand (which was given me by my highly honoured friend, Mr. 
Dexiel. Colwat!) and, ſince that, another parcel, much of the ſame kind, 
I found ſeveral of them, both very tranſparent like precious Stones, and 
n_—_ figur'd like Cryſtal, Corniſh Diamants, ſome Rubies, ec. and 

ting d with very lively and deep colours, like Rubys, Saphyrs, Emre- 
relds,8&c. Theſe kinds of granulsI have often found alſo in Engliſh Sand. 
And'tis eafie to make ſuch a counterfeit Sand with deeply ting'd Glafs, 
Enamels and Painters colours. | 

It were endleſs to deſcribe the multitudes of Figures I have met with 
in theſe kind of minute bodies, ſuch as Spherical,0val,Pyramidal, Conical, 
Priſmatical, of each of which kinds I have taken notice. | | 

ut amongſt many others, I met with none more obſervable than this 
pretty Shell (deſcribed in the Figure X. of the fifth Scheme) which, 
though as it was light on by chance, deſerv'd to have been omitted (1 
being unable to direct any one to find the like) yet for its rarity was it not 
inconfiderable, eſpecially upon the account of the information it may 
afford us. For by it we have a very good inſtance of the curioſity of Na- 
ture in another kind of Animals which are remov'd, by reaſon of their 
minuteneſs, beyond the reach of our eyes; fo that asthere are ſeveral ſorts 
of Inſet, as Mites, and others,fo ſmall as not yet. to bave had.afy names ; 
(ſome of which I ſhall afterwards deſcribe) and ſmall Fiſhes, as Leeches 
in Vineger;z. and ſmal vegetables, as Moſs, and Roſe-Leave-plants and 
ſmall Muſhroms, as mould : ſo are there, it ſeems, ſmall Shel-fiſh like- 
wile, ; Nature ſhewing. her curioſity. in every Tribe of Animals, Vege- 
tables, and Minerals.: . | _ 

I was trying ſeveral ſmall and ſingle Magnifying Glaſſes, and.cafſually 
viewing a parcel of white Sand, when 1 perceiv'd one of the grains. exact! 
ſhap'd and wreath'd like a Shell, butendeavouring to diſtiaguiſh ie wich 
my naked eye,it was ſo very ſmall,that I was fain again to make uſe of the 
Glaſsto find it; then, whileſt I thus look'd on it, with a Pinl ſeparated all 
the reſt of the granules of Sand,and: found it afterwards to appear to the 
naked eye ap exceeding fmall white ſpot, no bigger than the point of a 


Pin, 
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Pin. Aﬀermards I view'd4it every way Wiha bener ope.and foul 
it on both lides, mT t6 redſettible the Shell of a flnabl Wwrets 


Stafl with x flat ha tivetve wrembinps, »; , 2, 4,6, 626, 
all very mowing one Jeſs that wether toward! tht 
middle of venter of the Shell, whete thete wava' very Anal rand: white 


ſpot. I «61d not certuitily diſcoves whether the Shell wete hollow br 
not, bur feem'd AIFd with forewhat, and tis probable that'it 


8+ 


be petrif'd as other large Shels oft cf are; | ſaelvavines 12Htion d inthe 
; 1. 177 3 1671 | ro 17008 © 


ſeverncenth Obſ6rv.a7w9, | | 
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Obferv;—K11: Of Gravel in Vrine. 
| Hal'd oftth obſery'd wit Sand of Gravel of Uirinel Whith Gert 4b/be 


a tartareows ſubſtance, generated out of a Saline and a terreſtrial ſub- 
ſtatce i:ytallix'd together, in the form of Tartar, fornetirhes {hickitig t 
the ſides 'of the Urizadl, but for the moſt part ſinking tothe botrom, auf! 
chere lying ih the form of coorſe common Sand; thete, throuph the 214- 
croſcope; appear ro be a company of ſmall bodies.pattly tranſparent; and 

tly opucen;, ſome White, forte Yellow, forme: Red, others of thory 
ruin and duſkie colours. , 5 0 | SHINS] 

The Figure of thetn is for the moſt part flat, in re tranner of 8)ats, or 
ſuch like plated Stones,that 1s,cach of them ſeem to-be made up of ſevs 
ral other thitner Plares, ttuch like Armſcovie Gloſd,or Ereliſh 3þpu##;to the 
laſt of which, the white plated Gravel ſeems moſtlikety 1 for they-ſeer 
not onely plated lik#that, but their ſides ſhap'd alfoitito Rhombs, RAone- 
botids and ſotnetitesinto Red angler and ſanarer, Theif bigneſs and Fipire 
may be ſeen in the ſecohd Fegwre of the (ixth Plate which repreſerit 
adozen of thetn lying up0k a plate ABCD,fothe of which, as 4, 8; 2, d, 
ſeem'd more tegular than the reſt, and 'e, which wass ſhall ohe, Nick- 
ing onthe rop of another, was a perfect Khomboritl oti the top, and had 
four KeFaxgrlar (fides. Lhe M13 

The line E which was the tneafure of the Arreroſcope, is f+ part of th 
Exgliſh Inch, ſo that the greateſt bredth of any of rhetti, exceeded hot 
3s part of an Inch, ; t 

ro theſe Into ſeversl liquors, I found Off of Vitri#l, 88544} 
Urine,and ſeveral orher Saline menſtrunms to diflolve thetny and the fir 
of theſe in lefs than a minute without Eby/lition,Watet,atd ſeverit other 
liquors, had no ſuddeti operation upon them. . This I mention, becauſe 
thoſe liquors that diſſolvetheni, firſt make them w_ white, not vitiativg, 
bur rather teCifying their Figure, and thereby take theth afford d very 
pretty object for the 2&eroſcope, 0990 

How great ah advantapeit would be ro ſuch as arettonbled with the 
Scone, to find ſome wenſtriovarthat might diſſolve theth without hufring 
the Bladder.js eafil —_—_ fince ſome i#jeGions made of ſuch bodies 
might likewiſe diflolve the ſtone, which _ mueh of the ſame tiature. 

ui: 
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It may therefore, perhaps, be worthy ſome 4; enquiry, whether 
there, may not be ſomething mixt with the-Uririe in which the Gravel 
or Stone lies, which may again make it diflolye it; the firſt of which ſeems 
by it's regular Figures to have been ſometimes Cryſtal/iz dout of it. For 
whether this CryſlalVization be made in the manner as Alum, Peter,&c. are 
erpioRues out ofa cooling liquor, in which, by boyling they have been 

v'ds or whetherit be made inthe manner of Tartarum Vitrialatum, 
that is, by the Coalition of an acid. and a Swiphwreovs ſubſtance, it ſeems 
not CO ——_—_ that the liquor it lies in, may be again made'a difſolvert 
of it. But leaving theſe inquiries to Phyſicians or Chymiſts, to whom 
it does more properly belong, I ſhall proceed: 


—__— —— 
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Obſerv. XII1, Of the ſmall Diamants, or Sparks in Flints, 


Hanicing to break a Flint ſtone in pieces, I found within ita certain 
(” cavity all cruſted over with a very pretty caudied ſubſtance, ſome 
of the parts of which, upon changing the poſture of the Stone, in reſpe&t 
of the Incident light, exhibited a-number of ſmall, but very vivid re- 
fleionsz and having made uſe of my Microſcope, I could perceive the 
whole ſurface of that cavity to be all beſet with' a multitude of little 
Cryſtaline or Adamantine bodies, ſo curiouſly ſhapd, that it afforded a 
not unpleaſing object. 

Having conſidered thoſe vivid repercuſſions of light,l found them to be 
made, partly from the plain external ſurface of theſe regularly figured 
bodies (which afforded the vivid reflections) and partly to be made 
from within the ſomewhat pe/xcid body, that 1s,from ſome ſurface of the 
body,oppoſite to that ſuperficies of it which was-next the eye. 

And becauſe theſe a wereſo ſmall, that could not well come to 
make Experiments. and Examinations of them, I provided me ſeveral 
ſmall tirie of Cryſtals or Diamants, found in great quantities in Corr- 
wall.and are therefore commonly called Corniſh Diamants : theſe being 
very pellucid, and growing in a hollow cavity of a Rock (as Thave been 
ſeveral times informed by thoſe that have obſerv'd them) much after the 
ſame manner as theſe do in the Flint ; and having beſides their outward 
ſurface very regularly ſhap'd, retaining very-near the ſame Figures with 
ſome of thoſe I obſery'd in the other, became a convenient helpto me for 
the Examination of the /proprieties of thoſe kinds of bodies, 

And firſt for the RefleCtions in theſe I found it very obſervable, That 
the brighteſt refleQtions of light proceeded from within the pel/xcid body ; 
that is, that the' Rays admitted ny 5-4 pellucid (ſubſtance in their 
getting out on the oppoſite ſide, were tr 1 gry wh and ſtrong re- 

eCting ſurface of the Air very vividly retleCted, ſo that more Rays were 
reflected to the eye by this ſurface, though the Ray in entring and getting 
out of the Cryſtal had ſuffer'd a double refraftion, than there were from 
the ovoward ' ho ke of the Glaſs where the Ray had ſuffer'd ao m—_ 
at all, d 
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And that this was the ſurface of the Air that gave. ſo vivid a ace” 
ſor | try'd by this means. I ſunk halt of a ſtiria w Water, ſo that only 
Water was contiguous to the under furtace, and then the internal re- 
flection was ſo excencingly faint, that it was ſcarce diſcetnable, Again, 

I try'dto alter this vivid reflettion by keeping off the Air, with a body 
not fluid, and that was by rubbing and holding my finger very hard 
inſt the under ſurface, ſo as in many places the py of ty finger did 
touch the Glaſs, without any interjacext air between then obſerving the 
reflection, I found;that whereloever my hnger or ſkin toucht the ſurtace, 
from that part there was no reflection, but 1n the little furrows or creaſes 
of wy ſkin, where there remain d little ſmall lines of ajir,from them was 

. return'd a very vivid reflection as before. Itry'd further,by making the 
ſurface of very pure Quickfilyer to be contig to the under ſurface 
of this pe//ucid body, and then the retlection trom that was ſo exceeding» 

ly more vivid than from the air, as the refleftion from air was than 

x & reflection from the Water; from all which trials I plainly aw, that 

the ſtrong reflecting air was the cauſe of this Phenomenon. 

And this agrees very well with the Hypotheſes of light and Pelwcid bo- 
dies which I have mention'd in the deſcription of Muſcovyrglefſ; for we 
there ſuppoſe Glaſs to be a wedium,which does lels refilt the pulic of light, 
and conſequently,that moſt of the Raysincident an it enter into it,and are 
refratted towards the perpendicaler; whereas the air I ſuppoſe to be 4 
body that does more refilt it, and conſequent]y more are re-percuſs'd then 
do enter it; the ſame kind gf trials have I made, with Cryſtaline Glaſs, 
with drops of fluid bodies, and ſeveral other ways,which do all ſeem tg 

ree very exaQly with this Theory. So that from this Principle well eſta+ 
bliſh'd, we may deduce ſeverall Corolyaxies not unworthy obſervation. 

And the firſt is, that it plainly appears by this, that the produGtion of 
the Rainbow is as much to be aſcribed to the reftettion of the concave 
furface of the air, as to the refraction of the Globnlar drops : this will be 
evidently manifeſt by theſe Experiments, if you folate that part of a 
Glaſs-ball that is to reflect an ris, as in the Carteſiex Experiment, aboye 
mention'd, the refleQions will be abundantly more ſtrong, and the co- 
lours more vivid ; and.if that part of the ſurface be touch'd with Watet, 
ſcarce affords any ſenſible colour at all, 

Next we learn, that the great reaſon why pe/lxcid bodies beaten ſmal} 
are white, is from the multitude of refleQions, not from the particles of 
the body, but from the cotigzons ſurface of the air, And this is evident- 
ly maniteſted, by filling the Interſtitia of thoſe powder d bodies with 

ater, whereby their whiteneſs preſently diſappears, From the fame 
reaſon proceeds the whiteneſs of many kinds of Sands, which inthe A4i- 
ereſcope appear to be made up of a multitude of little pe/xcid bodice 
whole brighteſt reflections may by the AMicroſeepe be plainly perceiv' 
to come from their internal ſurfaces and much of the whiteneſs of it ma 
0 deſtroy'd by the affuſion of faix Water to be contiguous to tho 


The whiteneſs alſo of froth, is for the voſt part to be aſcriped to the 
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refleftion of the light from the ſurface of the air within the Bubbles,and 
very little to the refleCtion from the ſurface of the Water it ſelf: for this 
laſt refle&ion does not return a quarter ſo many Rays, as that which is 
made from the ſurface of the air,asI have certainly found by a multitude 
of Obſervations and Experiments. | 

The whiteneſs of Linnen, Paper, Silk, &c. proceeds much from the 
ſame reaſon, as the Microſcope will eafily diſcover ; for the Paper is made 
up of an abundance of pel/ucid bodies, which afford a very plentifull re- 
flietion from within, that is, from the concave furface of the air contigu- 
ous toits component particles ; wherefore by the affuſion of Water,” Oyl, 
Tallow, Turpentine,C@*c, all thoſe refleCtions are made more faint,and the 
beams of light are ſuffer'd to traject & run through the Paper more freely. 

Hence Fincher we may learn the reaſon of the whiteneſs of many bo- 
dies, and by what means they may be in part made pel/xcid : As white 
Marble for inſtance, for this body is compoſed of a pellucid body ex- 
ceedingly flaw'd, that is, there are abundance of thin, and very fine 
cracks or chinks amongſt the multitude of particles of the body,that con- 
tainin them ſmall parcels of air,which do [2 re-percuſſand drive back the 
penetrating beams, that they cannot enter very deep within that body, 
which the Microſcope does plainly inform us to be made up of a Congeries 
of pellucid particles. And I further found it ſomewhat more evidently by 
ſome attempts I made towards the making tranſparent Marble, for by 
heating the Stone a little, and ſoaking it in Oy], Turpentine, Oyl of Tur- 

entine,@c, I found that I was able to ſee much deeper into the body of 

arblethen before ;z and one trial, which was not with an unctuous [ub- 

ſtance,ſucceeded better than the reſt, of which, whenT have a better op- 
portunity, I ſhall make further trial. - 

This alſo gives us a probable reaſon of the ſo much admired Pheno- 
mena of the Oculus Mundi, an Oval ſtone, which commonly looks like 
white Alabaſter, but being laid a certain time in Water, it growspelcid, 
and tranſparent, and being ſuffer'd to lie again dry, it by degrees loſes 
that tranſparency, and becomes white as before. For the Stone being of 
a hollow dongle nature, has in the firſt and laſt of theſe appearances, all 
thoſe pores fill'd with the obtunding and refle&ing air ; whereas in the 
ſecond, all thoſe pores are fill'd with a medinm that has much the ſame 
refraCtion with the particles of the Stone, and therefore thoſe two being 
contiguous, make,as twere, one continued medium, of which more is ſaid 
in the 15. Obſervation. heed 

There are a multitude of other Phezomena,that are produc'd from this 
fame Principle,|which as it has not been taken notice of by any yet that I 
know, fol think, upon more diligent obſervation, will it not be found the 
leaſt confiderable. But T have here onely time'to hint Hypotheſes, and not 
to proſecute them fo fully as I could with; many of them having a vaſt 
extentin the produttion/ of a multitude of Phenomena, which have been 
by others;cither not attempted to be explain'd; or elfe attributed to ſone 
other cauſe than what I have aſſign'd, and perhaps than the right; and 
thereforeTihall leave this to the proſecution of ſuch as have more lkeilure : 
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onely before T leave it, 1 muſt not pretermit to'hint;: that by this Prin- 
ciple, muftitndes of the Phenomena of the air,as about AMifts, Clouds, Me- 
teors, Haloes,&c. are moſt plainly and (perhaps) truly explicable; multi- 
tudes alſo of the Phenomena in colour'd bodies, as1iquors, ec. are de- 
ducible from't, 

And from this I ſhall proceed to a ſecond corffiderable Ph4nonenor 
which theſe Diamants exhibit, and that is the regularity of their 'F7ewre, 
which is a propriety nor leſs general tharythe former; It compriſing with- 
in its extent, all kinds of 2etals, all kinds of Mimerals,moſt Prerions ſtones, 
all kinds of $a/ts,multitudes of Earths,and almoſt all kitzds of fluid) bodies, 
And this is another propiety, which, though a little ſuperficially taken 
notice'of by ſome, has not, that I know, been fo rtiuch as attempted to 
be explicated by any. 

This propriety of bodies,asI think it the moſt worthy, and next in or- 
der to be confider'd after the contemplation of the Globular Figure, fo 
have long had a deſire as wel asa determination to have proſecuted it if T 
had had an opportunity,having long ſince propos'd to my felf the method 
of my enquiry thercin, it $on - all the allurements that I think an 
enquiry is capable of: For,firſt I take it to proceed frotn the moſt ſimple 
principle that any kind of form can come from, next the Gloþular, which 
was therefore the firſtI ſet upon, and what I have therein perform'd, I 
leave the Judicious Readex to determine. For as that form proceeded 
from a propiety of fluid bodies, which I have call'd Corgruity, or Incon- 
eraity; ſoIthink, had I time and opportunity, I could make probable, 
that all theſe regular Figures that are ſo conſpicuouſly waerions and eari- 
ors, and do fo adorn and beautifie ſuch multitudes of bodies, as I have 
above hinted, ariſe onely from three or four ſeveral poſitions or poſtures 
of Glohwlar paxrticles,and thoſe the moſt plain,obvious, and neceſfary con- 
junQionsof ſuch figur'd particles that are poſſible, ſo that ſuppoling ſuch » 
and fuch pla and obvious cauſes concurring the coagulating particles 
muſt necetiiclty compoſe a body of ſuch a determinate regular Figure, 
and no other 5 and this with as much neceflity and obvicubek as a fluid 
body encompaſt with a Heterogemeows fluid muſt be protruded into a 
Spherule or Globe. And this I have ad ocuium demonſtated with a com- 
pany of bullets;and ſome few other very fimple bodies; ſo that there was 
not-any regular Figure,which I have hitherto met withall, of any of thoſe 
bodies thatT have above named, that I could not with the compoſition of 
bullets or globules, and one or two other bodies, imitate, even alinoſt 
by ſhaking them together. And thus for inſtance may we find that the 
Globular bullets will of themſelves.if put on an inclining plain,ſo that they 
may run together, haturally run into a r#angular order, compoting all 
the variety of figures that can be imagin'd to be made out of 24xlateral 
triangles ; and ſuch will you find,upon trial, all the ſurfaces of Ala: to be 
compos'd of: For three bullets1ying on a plain, as cloſe to one another as 
they can compoſe an equilatero-triangular ftatni, as in'A in the 7.8cheme. 
If a fourth be joyn'd to then on either fide as cloſely asit can, they four 
compoſ: the moſt regular Rhombus conſiſting of two equilateral triangles, 
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as B. If a fifth be joyn'd to themon either fide in as cloſe a poſition as it 
can, which is the propriety of the Textare,it makes a Trapezixw, or four- 
fided Figure, two of whoſe angles are 120. and two 60. degrees, as C. 
If a ſixth be added, as before, either it makes an equilateral triangle.as D, 
ora Rhomboeid, as E, or an —— Figure, as F, which is com- 
pos'd of two primary Khombes, It a leventh be added, it makes cither 
an £quilatero-hexagonal Figure, as G, or ſome kind of fix-lfided Fi- 
gure, as H, or I. And though there be neverſo ny piaced together, 
they may be rang 'd into ſome of theſe lately menti igures, all the 
angles of which will be cither 60. degrees, or 120. as the figure K. 
which is an equiangular hexagonal Figure is compounded of 12. Globules, 
or may be of 25, or 27,07 36,0r 42, &c. and by theſe kinds of texture, 
or poſition of globular bodies,may you find out all the variety of regular 
ſhapes, into which the ſmooth ſurfaces of Alum are form'd, as upon ex- 
amination any one may eaſily find ; nor does it hold only in ſuperficies,but 
in ſolidity alſo, for it's obvious that a fourth Globule laid upon the third in 
this texture, compoſes a regular Tetrahedron, 'which is a very ufual Figure 
of the ane of Alum. And (to haſten) there is no one Figure into which 
Alam is obſerv'd to be cryſtallized, but may by this texture of Glebules 
be imitated, and by no other. | 

I could inſtance alſo in the Figure of Sea-ſalt,and Sal-gem.,that it iscom- 
pos'd of a texture of Globules, placed in a cubical form, as L, and that all 
the Figures ofthoſe Salts may be imitated by this texture of Globwles,and 
by no other whatſoever. And that the forms of Yitrio[and of Salt-Peter, 
asalſo of Cryſtal, Hore-froit, &c. are compounded of theſe two textures, 
but modulated by certain proprieties: But I have not here time to in- 
fiſt upon, as I have not neither to thew by what means Globules come to 
be thus context, and what thoſe Globules are, and many other particulars 
requiſite to a full and intelligible explication of this propriety of bodies. 
Nor havel hitherto found indeed an opportunity of proſecuting the in- 

uiry fo farr asI defign'd ; nor doI know when I may, it requiring abun- 
| of time, and a great deal of aſſiſtance to go through with what I 
deſign'd : the model of which was this : 

Firſt,to get as exadt and full a colleQion as I could, of all the differing 
kinds ned - —_— figur'd bodies, ſome three or four ſeveral budies of 
each kind. | 

Secondly, with them to get as cxaC a Hiſtory as poſlibly I could learn 
of their places of Generation or finding, and to enquire after as many 
circumſtances that tended to the 1lluſtrating of this Enquiry, as poſlibly 
I could obſerve. : 

Thirdly, to make as many trials as upon experience I could find re- 

uilite,in Biſlo lutions and ations of ſeyeral cryſtallizing Salts for 
% needfull inſtruction and information in this E K 

Fourthly, to make ſeveral trials on divers 4; Pp 
Minerals, and Stones, by diſſolving thera in ſeveral | 
cryſtalizing them, to ſee what Figures would ariſe from thoſe feveral 
Compoſatums. | 

Fifthly, 


ies, as Metals, 
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Fitfthly, to make Compoſitions and Coagulations of ſeveral Salts rex 
gether into» the ſame maſs, to obſerve of what' Figure the produdtt of 
them would be; and in all, to note as many circumſtances as I ſhould 
Judge conducive to my Enquiry. cara 

Sixthly, to enquire the cloſeneſs, or rarity, of or pes Fheſe bo- 
dies, by eviiining theit gtavity, and thetr Na 0 

Seventhly, to enquire particularly what operations the fire has upon 
Feveral kinds'of Salts; what ichanges/it cauſes in their Figures, Textures, 
 Eighthly, to examine their manner of diflolution,/or-afting upbrythoſe 
-bbdies difiofble in them'; The texture: of thoſe bodies:before:and after 
the proceſs,” And this forthe Hiſtory, 4 9 2 on oor 

Next fot the” Solution, To haveexamin'd by whar, and how' mariy 
mo ſuch' and ſuch Figures, ations and effefts could be produc'd 

blyj0797 b 74 0 SED 

ed UNigy from all circumſtances well weigh'd, I ſhould have erdea- 
voured to have ſhewn which of them was moſt lkelyyand: (ifthe infor» 
mations by theſe Enquiries would have born it) to have demonſtrated 
which of them it muſt bez and was. F120 mud 

- But to proceed, As Ibelieve it next tothe Globulatrthe moſt ſimple; 
{6 do 1, itvthe ſecond place, judge it not - leſs pleaſant 5 for that which 
makes an Enquiry pleaſant, are, firſt a noble 1vewtam thatipromiſes'to 
crown the ſucceſsfull endeavour ; and ſuch muſt certainly the knowktdge 
of the efficient and concurrent cauſes of all theſe curious! Geometrical 
Figures be,which has made the Philoſophers hitherto' to:conclude nature 
in theſe things to play the Geometrictan, according to that ſaying'/of 
Plato, 'o ©; yew, Ornext, a great variety of matter in theEnqui- 
ry; and here we meet with nothing lefs than the 2dathewaticks of nature, 
having every day a new Figure to contemplate,or a variation of the ſame 
in another body, | | * 

Which do afford usa third thing, which will yet more ſweeten the En- 

quiry,and that 1s,a multitude of information; we are not fo muchto grope 
in the dark, as in moſt other Enquiries, where the Tzvertum is great ; for 
having ſuch a multitude of inſtances to compare, and ſuch eafic ways of 
generating,or.compounding and of deftroying the bomegs in therFo/ution 
and Cryſtallization of Salts, we cannot but learn plentjfull information to 

roceed by. And this will further appeat' fromth&univerſality-df the 
Principle which Nature has made uſe of almoſt in all inanimate bodies. 
And therefore, asthe contetnplation of therii all conduces to the know- 
ledy of any one; fo from a Scientihical knowledge of aty one does follow 
the ſame of all, and every one. | 4 <Y2GITUE IRA 

And fourthly, for the uſefulneſs of this knowledge, when acquir'd, 
certainly none can doubt, that conſiders that it- caries us a' ſtep for- 
ward into the Labirinth of Nature, in the right way towardsthe'end 
we propoſe our ſelves in all Philoſophical Enquiries: © So' that knows 
ing what 1s the form of Inanimate or Mineral bodies, - we ſhall be the 
better able'to proceed in' our next Enquiry after the forms of Vegeta 
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tive bodies 4 and laſt of all, of Animate ones, that ſeeming to be the 
higheſt (hep of natural knowledge that the mind of manis capable of. 
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Oblerv. XIV. Of feveral kindes of frozen Figures, 
] Have very often in a Motning, when there has beena t boa 
Or 


with an indifferently magnifying Acroſcope, obſerv'd the {mall Stirie, 
| line deard, which then uſually coyers the face of molt bodies 
that lie open to the cold air, and found them to be 7 Hexangulay 
priſmatical bodies, much like the long Cryſtals of Sz/tpeter, faveonely 
: for whereas of Nitre are for 
terminated either in a point or edges 


the/moſt part pgremidal, bei 


«theſe of Froſt were hollow, and the cavity in ſome ſeem Cory deep, 
u 


and-this cavity was the more plainly to be een, becauſe uſually one or 
othes of the (tx parallelograme {1des was wanting, or at leaſt much ſhorter 

But this was onely the Figure of the: Bearded hoar-froft z and as for the 
patticles of other Kinds of h0arrofts, they ſeem'd for the molt part irre- 
gular, or of no certain\Figure. Nay, the parts of thoſe curious branch- 
or vertices, that uſually in cold weather tarniſh the ſurface of 
appear through the Afcroſcope very rude and unſhapen,: as do 
moſt other kinds of Fignres, which to the naked eye ſeem exceetl- 
ing neat and curious, ſuch as the Figures of Srow, frozen Urine, Hail, 
ſeveral Figeres frozen in common Water,c. Some Obſervations of each 
of which I ſhall hereunto annex, becauſe if well conliderd and ex- 
ami'nd, they may, perhaps, prove very inſtruftive for the finding out of 
what I have endeavoured in the preceding Obſervation to. ſhew, tobe 
(next the Globular Figure which is causd by congruity, asT hope Lhave 
made probable in the fixth Obſervation) the moſt Enpile and plain opera- 
tion of Nature, of which, notwithſtanding we are yet ignorant. 


l. 
Sroeral Obſeroables in the fix-branched Figures form'd on the fur- 
face of Vrine by freezing. | 


2 The Figures were all frozen almoſt even with the ſurface of the 
Urine inthe Vellel, but the bigger ſtems were a little promizent above 
that ſurface, and the parts of thoſe ſtems which were neareſt the center 
(a) were biggeſt above the ſurface. | 

>. have obſery'd ſeyeral kinds of theſe Figures, ſome ſmaller, no big- 
ger then a Two- , others ſo bigg ther Lhave, By meaſure found one 
of its ſtems or branches above four toot long; and of theſe, ſame were 
pretty round, having all their branches pretty necr alike z other of them 
were-more [extended towards one fide, as uſually thoſe very large ones 
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. were, Whith I have obſety'd in Dirchos which have beer fall :of fot 


water. | 
3 None of all theſe-Figures I have yet taken twticeof, hud aby regu- 
lar poſition in reſpet of ont atwthet; -or vt the ſi{ev-of the Vellely nbr 
did I find” uny of theta equally to exaCtiefs exceodied every way fron! 
the cente? 4. | 21; 1 Dar ont 
| 4 Where ever there was a center,the branchings from it, 46;#8, a, 
at, « f,"4g; were never fewer, of tore ther) i, which uſually eoncgr'd, 
ot niet-616 ahothet very neer In the ſame pointe ox, center; 44] thbuph 
oftentimes not exactly ; and were enclin'd to-eatather by aw-200%6 of 
very heer fixty degrees, 1 ſay, vety neee, becauſe, thoipty having !en- 
deavoured 6 meaſutte them the moſt aeurarel + was able; with the 
largeſt CompaſlesI had, I could not find any fe variation frott'that 
meaſurt; yet the whole ſix-branched Fipnire ſeeming to compolt aſs1id 
angle; tHEy rffuſt Heeeflatily be fortiewhat leſs, | 77 

& The thiddlc lines or ferns of cheſe branches; 4b; @ 2, #1, #e( a fi/ag 
ſeem'd formjewhiar whiter, and & little Wpher then any &f th 1mrPweddat 
branchitigs of theſe Figures3 atid the eehfer #, was the tioſt promnent 
part of the whole Fipure,; ſeeming the 4pex of d' fOHd unfle of ipprimcd, 
each of the ſit plaitis beinga little efielivyd below thefiirface of the tes. 

6 The lareral bratichings Hiuing out: of the preat ones, fildy'as- pp, 
w» 9, 8&6 were each of rheth inclin'd td the great onty, by the Tamoianple 


-- of about fixty nw pe; the Freat tnes Were ofetd ahother; and always 
ng 


the bipper britichings Were p/omnndht iBove the lefk, and the Wh above 
the leaſt, by proportionate g/wdlatio#s. | IJ M1 At 
5 The /a#tra/ bratiches ſhooting 6it 6f the pret Gries, wetit 41l'bf them 
from the center, arid each of ther wiis paralle] ro that great beatiohy mext 
to wHieh it 1ay; fo thar as all the Britiehes oh ove fide werd paraltebro 
one another; fo were they #! of thent to' the 4pproximare grodt'btdnch, 
2s p 0, 'q », 8s they Were parallel to cath other;#tdl hot from the-mehier, 


fo wete they parallel} alſd to the great Branch 465, To nt 
3 '8othe of the ſem 6f the fix bydriches proceeded firaighty and ofa 
thickneſs Oy Stew ſharper towards the end; a8 4610117 
9 Others 6f the ſtetty of thoſe byvndhes grew bigger ard koowy to- 
wards the middle; and the branches l{&-44 Well as ſtems, from Cylinders 
grew into Plates, in a moſt admirable and curious arde&t;f6 excetting ze- 
gular and-delicate; ignothitilg, conld bemore; #9 is Viftble I 44, 2#{u d, 
ae, af, btt.thwards tHi& ertd'of forthe of theſe ems; they begart #phint fo 
Sfow fihalſet +hd fo teedver thelf fOrmier bratithibgs; 45 about k wnll v5, 
to Mihry Of the Jefevi brafitlics Hd coHete? d branthes Hit Þ ay fo 
call thetn) 5 7 #/ ©40 hy flch asf 5, 2Hd rhefk of thoſe #phee (ib: 
collater4l; 4s 4 w, attd theſe 3gait! Bad othety Neſs; WHItH Ons may Caf! ke 
Herofubeo let, and theſe 2gaity GtHers, alt they ths, #4 If renee? 

1gures. | CEEET CINO £102 14A 5 79 

11 The brahchingsbF-the trait Sets Foy hafteperies by ahy re- 
lat line tet did-6r6-RAe&'of the ohne ie hh other fide of batter, 
ut the ſmall collateral and ſubcollatern{Þrittiehes He-le t no 
= O another 
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_— gi to a certain order or method, which I always obſerv'd 
to be this. 

12 That fide of a collateral or ſubcollateral, &c. branch, lay over the 
fide of the approximate (as the feathers in the wing of a Bird) whoſe 
branchings proceeded parallel to the laſt biggeſt ſtem from which it 
ſprung,and not to the biggeſt ſtem of all, unleſs that were a ſecond ſtem 
backwards. 

13 This rule that held in the branchings of the Sexangular Figure held 
alſo in the branchings of any other great or ſmall ſtem, though it did 
not from a center. 

14 The exattne(s and curioſity of the figuration of theſe branches, 
was 1n every particular ſo tranſcendent, that I judge it almoſt impoſſible 
for humane art to imitate. 

15 Taſting ſeveral cleer pieces of this Ice, I could not find any Uriz- 
ons taſte inthem, but thoſe few I taſted, ſeem'd as —_ as water. 

16 A figuration ſomewhat like this, though indeed in ſome particu- 
lars much more curious, I have ſeveral times obſerv'd in reeulus martis 


feellatws, but with this difference, that all the ſtems and branchings are 


bended in a moſt excellent and regular order, whereas in ce the ſtems 
and branchings are ſtreight, but 1n all other particulars it agrees with 
this, and ſeems indeed nothing but one of theſe ſtars,or branched Figures 
frozen on Urine, diſtorted, or wreathed a little, with a certain propor- 
tion : Leadalſo that has Arſerick, and ſome other things mixt with it, I 
have found to have its ſurface, when ſuffer'd to cool, figured ſomewhat 
like the branchings of Vrize, but much ſmaller. 

17 But. there is a Fegetable which does exceedingly imitate theſe 
branches, and that is, Fear, where the main ſtem may be obſerv'd to 
ſhoot out branches, and the ſtems of each of theſe /ateral branches, to 
ſend forth col/ateral, and thoſe ſabcol/ateral, and thoſe latero ſubcoliate- 
ral, &c. and all thoſe much after the ſame oxder with the branchings, di- 
viſions, and ſubdiviſions in the branchings of theſe Figures in frozen 
Urine: ſo that if the Figures of both be well confider'd, one would gheſs 
that there were not much greater need of a ſeminal principle for the pro- 
duQion of Fearx, then for the production of the branches of Urine, or 
the Stella martis, there ſeeming to be as much form and beauty in the 
one as in the other. | 

And indeed, this Plant of Feary, if all particulars be well conſider'd, 
will ſeem of as ſimple, and uncompounded a form as any Vegetable, next 
to Adonld or Aivfbromes, and would next after the invention of the forms 
of thoſe, deſerve to be enquir'd into; for notwithſtanding ſeveral have 
affirm'd it to have ſeed, and to be propagated. thereby ; yer, though I 

have made very diligent enquiry after that particular, I cannot. find that 
there is any part of it that can. be imagin'd tobe more ſeminal then an- 
other : But this onely here by the by : 
For the freezing Figuresin Urine, I found it requilite, 
Firſt, that the Superficies be not diſturbed with any wind, or other 
commotion of the als, or the like. 8 
| Secondly, 
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Secondly, that-it-be net too long expoſed, fo as that the whole bulk 
-be frozen;foroftentimes;in ſuch caſes,by, reaſon of the ſwelling the of 1ce,, 
.or- from fome other-caule; the curious branched Figures diſappear. 
Thirdly, :an artificialfreezing withiSzow and.Sqalt; a 


Gde of the\containing! Vellel, ſucceeds nor well, unlels there be! a very, 
little quantity. in the Vellel; tod 2 ils nj 641mg Tic 
Fourthly;|If you take.atiy cleer.atid ſmooth Glaſs; and wetting, all the 


infide of it with Urive, yori expole it -to a very:{harp 

find it cover d& withr a very regular and. curious Figure. 
FH: | 

Obfervables in figur'd Snow. 

Expoſing a piece of black Cloth, or a black Hatt to the falling Sow, 
I have often with great pleaſure, > 5x4 ſuch an infinite variety of cu- 
rioully figur'd Sow, that it would be as impoſſible to draw the Figure 
and ſhape of every- one:,ub them,; as.to imitate\exactly the curious and 
Geometrical Mechartiſme of Nature itt any one. Some coorle draughts, 
ſuch as the coldneſs of the weather, and the ill proviſions, I had by me 
for ſuch a purpoſe, would permit me to make, Fhaye here added inthe 
Second Figare of the Eighth Scheme, \ | 

In all which Tobſerv'd, that if they were of any, regular Figures, they 
were always branched out with fix principal branches, all of equal length, 
ſhape and/ make, frota the center, being each of them;inclin'd to either of 
the next branches on cither ſide of it, by an angle of ſixty degrees. . 

Now, asall theſe ſtems were for the moſt. part.in one flake exaGtly of 
the ſame'make, ſo were they in dittering Figures of very differing ones; 
ſo that in a very little time I have obſery d above an hundred ſeveral cizes 
and ſhapes of theſe ſtarry flakes. 

The branches alſo out of each ſtem of any one of theſe flakes, were ex- 
attly alike in- the ſame flake; fo that of whatever Figure one of the 
branches were, the other five were ſure to be of the ſame, very exactly, 
that is, if the branchings of the one were ſmall Pera/elipipeds or Plates, 
the branchings of the other five were; of the ſame; and generally, the 
branchings were very conformable to the rules and method obſery'd be- 
fore, inthe Figures on Urize, that is, the branchings from each fide of 
the ſtems were parallel to the next ſtem on that ſide, and if the ſtems 
were plated, the branches alſo were the ſame; if the ſtems were very 
long, the branches alſo were ſo, &c. 

Obſerving ſome of theſe figur'd flakes with a Aicroſcope, I found them 
not to appear fo curious and exactly figur'd as one would have imagin'd, 
but like Artificial Figures, the bigger they were magnify'd, the more ir- 
regularites appear'd in.them; but this irregularity ſeem'd aſcribable to 
the thawing and breaking of the flake by the fall, and not at all to ;the 
defett of the plaſtick virtue of Nature, whoſe curioſity in the formation 
of molt oftheſ&kind of regular Figures, ſuch as thoſe of Salt, Minerals,&c. 

O 2 appears 
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by the help of the Aficroſcope, to be very many de ſmaller 
hen Gs moſt acute eye is able to perceive wrthoutir. though one 


of theſe fix-branched Stars appear d here below mach of the: ſhape de- 
feribed itr the Third Figure of the Eighth 8cheme 3'-yer E am very apt to 
think,th4t conld we have a ſight of one of them\througha Aftcroſcope as 
they are generated in the Clouds before their Vigures are mnared by 
external aceidents,they would exhibir abundance of curioſity and neat- 
neſs there aMo, —_ never fo mach magnify'd :For' fince I have ob- 
ſerv'd the Figures of Salts and Minerals to be fome of them-forexceeding 
ſmall, that I have ſcarcely been able to perceive them with the Microſcope, 
and yet have they been regular, and! fince (as far as I have yet examin'd 
it) there ſeems to be but one and the ſame cauſe that produces both theſe 
effects, I think it not irrational ro ſuppoſe that thefe'pretty figur'd Stars 
of Snow, when at firſt generated might be alſo very regular and exact. 


IE 
Several kinds of Figures in Water frozen. 


Putting fair Water into a large capacious Veſſel of Glaſs, and expoſing 
it tothe cold. I obſerv'd after a little time, ſevera} broad, flat, and thin 
lamine, or plates of Ice, crofling the bulk of the water and one another 
very irregularly, onely moſt of them ſeem'd to turn one of their edges to- 
wards thar fide of the Glaſs which was next it, and ſeem'd to grow, as 
Twere from the inſide of the Veſlel inwards towards the middle, almoſt 
like ſomany blades of Ferz. Having taken ſeveral of theſe plates out of 
water on the blade of a Knife, I obſerv'd them figur'd much after the 
manner of Herring boxes, or Fern blades, that is, there was one bigger 
ſtem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of ſmall ſftirie, or icicles, like the ſmaller bones,or the ſmaller 
branches in Fern, each of theſe branches on the one ſide, were parallel to 
all the reſt on the ſame fide, and all of them ſeem'd to make an angle 
with the ſtem,towards the top, of fixty degrees, and towards the bot- 
tom or root of this ſtem, of 120. See the fourth Figxre of the 8. Plate. 

I obſerv'd likewiſe ſeveral very pretty varieties of Figures in Water, 
frozen'on the top of a broad flat Marble-ſtone, expos'd tothe cold with 
a little Water on it, ſome like feathers, ſome of other ſhapes, many of 
them were very much of the ſhape expreſt in the fifth Figure of the 
8. Stherne, which is extremely differing from any of the other Figures. 

* Tobſerv'd likewiſe, that the ſhootings of 7ce on the top of Water, be- 
pinning to freez, were in —_ priſmatical bodies much like thoſe of 
rech-peter, that they croſt each other uſually without any kind'of order 
or rule, that they were alwaysa little higher then the ſurface of the Wa- 
ter that lay between themsz that by degrees thoſe izterjacent ſpaces 
would be fll'd with Ze alſo, which uſually world be as high as the fur- 
face of the reſt. | 
In flakes of Ie that had beenfrozen on the top of Water to any con- 
ſiderable 
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fiderable- thieknebs, I es a the wppey and- the under fides 
of # were cu yooly guild, furrowd, or-grain'd, as it were, which when 
the Sur thone'on . Phate, was exceeding cahly:to be perceiv'd ta 
mach after ehe —_— the lines in the'6; Frqure of the 8. 8cheme, that 
they ci of feveral: ſtyeight ends of paralle} Plates, which were of 
divers lengtts and angles ©o one ghother without any:certain opger. /'; | 
{; The eduſs of all which regular Figures (and of buntiretis ofcb 
namely of Salts, Minerals, Metals, 8c. which I could have here inſerted; 
would ever ave _ long) yrs be deducihle fromthe: fame 
tes, I have '(in the 13. 0 dior) hinted only, havibg not 
yet had timeto at a Theory of them, Bur indeed CES hers 
alſo hinted)'T » it the ſecond ſtep by which the Pyramid of natus 
ral knowledge (which is the knowledge of the form of bodies) is to 
be aſcended: And whoſoever wilt chmb it, muſt be well furniſti'd 
with that: which the Noble Yerulam calls Scalav: IntelleFfrz 5 he muſt 
have ſcaling Ladders,' otherwiſe the ſteps* are fo: large and high, there 
wilt be no getting wp'them, and conſequently littte hopes of attaini 
any higher (tation, ſuch as- to the knowledge of the molt {imple principle 
of Vepertation manifeſted in Mould and Mufhromes, which, as I elſe- 
whete endeavoured to ſhew, ſeerns to- be the third ftepz for it ſeems to 
me, that 'the Intelle@' of man is like his body, deſtitute of wings, and 
cannot move from a lower toa higher and more fablime ſtation of know- 
ledg,otherwiſe then ſtep by ſtep,nay even there where the way is prepar'd 
nh already tnade paffible ; as in the Elawerts of Geometry, or the like, 
where it is fatn ro climb a whole ſeries of Propotitions by degrees, before 
it attains the knowledge of one Probleme. But if tho aſcent be high, dif- 
ficult and. above its reach, it muſt have recourſe to a raw erganum, 
lome new engine and contrivance, fome new kind of 4/gebra, or 4ualy- 
tick Avt before it can ſurmount it. | 


——- —_— —— ———— ———— - — 


Obſerv, XV, Of Kettering-ſtone, and of the pores of Inani- 
mate bodies. | 


8 Stone which is brought from Kettering in Northamptor-ſhire,and 
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digg'd out of a Quarry, -as I am inform'd, has a grain altogether *is *: 


admirable, nor have I ever ſeen or heard of any other ſtone that has the 
like. It is made up of an innumerable company of ſmall bodies, not all 
of the ſame cize orſhape, but for the moſt part, not much differing from 
a Globular form, nor exceed they one another in Diameter above three 
or four times; they appear to the eye. like the Cobb or Ovaty 6f a Her- 
ring, or ſome ſmaller fiſhes, but for the moſt part, the partieles ſeem 
ſomewhat lefs, and not ſo uniform ; but their variation Fom a perfe& 
obular baJl,ſeemsto be only by the preſſure of the contiguons bals which 
ave a little depreſt and protruded thoſe toucht fides inward, and —_— 
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the other fides as much. outwards beyond the limits of a Globo j juſt as 
it would happen,if a heap of exaGly round Balls of foft pppayhney'd 
upon one another 3 / or; 'as I have often ſeen a heap of, ſmall Glphules of 
chsilver, reduc'd to that form by rubbing it mach in a ghz 4 Veſlel, 
with ſome {limy or ſhggiſh liquor, ſuch as Spittle, when though:the to 
of the: upper Globules be very neer {pherical,-yer; thoſe that are 
upon by others , exactly imitate the forms of theſe lately; ,mention'd 

Where theſe grains touch each other, they, are' ſo firmly, united or 
ſettleditogether, that they ſeldom part without breaking a-hole-in one 
or th'other of them, ſuch as a, 4,4, b,c, c, &c. Some of which frattions, 
as 4, 4, 4,4, where the touch has been but light, break no [mere then 
the outward: cruſt,” or firſt ſhell of the ſtone, whiehtis of a white colour, 
a little daſh'd with a browniſh-Yellow,and is very thm,like the ſhell of an 
Egg : and I have ſeen. ſome of thoſe grains. perfeQly reſemble; ſome kind 
of Exas/both in colour and ſhape : But where the union'of the contiguous 

anxles has been more firm, there the divulfon has made a greater 
Chaſm, as at 6, 6, b, in ſo much that I have obſery'd ſome of them quite 
brokenin two, as at c, c, c, which has diſcovered to me a further - 
blance they have to Eggs,they having an appearance ofa white and yelk, 
by two differing ſubſtances that envelope and encompals cach other. 

That which we may call the white was pretty whitiſh neer the yelk, 
but more duſkie towards the ſhell ; ſome of them I could plainly per- 
ceive to be ſhot or radiated like a Pyrites or new ; the yelk in ſome 
I faw hollow, in others filld with a duſkie brown and porous ſub- 
ſtance like a kind of pith. 

The ſmall pores, or interſtitia e e e e betwixt the Globules, I plainly 
ſaw,and found by other trials to be every way pervious to air and water, 
for I could blow through a piece of this ſtone of a conſiderable thickneſs, 
as eaſily asI have blown through a Cane, which minded me of the pores 
which Des Cartes allow his materia ſubtilis between the ethereal globules. 

The object, through the Aficroſcope, appears Ike a Congeries or heap 
of Pibbles, ſuch as I have often ſeen caſt up on the ſhore, by tha work- 
ing of the Sea after a great ſtorm, or like (in ſhape, though not colour) 
a company of ſmall Globules of Quickſilver, look'd on with a\fitrafcope, 
when > thr 7 into that form hy the way lately mentioned. And per- 
haps, this laſt may give ſome hint at the manner of the formation of the 
former : For ſuppoſing ſome Lapideſcent ſubſtance to be generated, or 
ſome way brought (either by ſome commixture of bodies in the Sex it 
ſelf, or ns in, perhaps, out of ſome ſubterraxeoxs caverns) tothe 
bottom of the Sea,and there remaining in the form of a liquor like Quick- 
filver, heterogeneoxs to the ambient Salize fluid, it may by the working 
and tumblings of the Sea to and fro be jumbled and comminuted into 
ſuch Globules as may afterwards be hardned into Flints, the lying of 
which one upon another, when in the Sea, being not very hard, by rea- 
ſon of the weight of the incompaſling fluid, may cauſe the undermoſt to 
be a little,though not much, varied from a globular Figure, But this only 
by the by. After 
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After what manner this Xettering-ſtone ſhould be generated 1 cannot 
learn, having never been there to view the place, and obſerve thecir- 
cumſtances ;z but it ſeems to me from the ſirutture of it to be generated 
from ſome ſubſtance once more fluid, and afterwards by degrees growing 
harder, almoſt after the ſame manner as I ſuppoſed the generation:of 
Flints to be made. \ua 

But whatever were the cauſe of its curious texture, we may learn this 
information from it; that even in thoſe things which we account viJe, 
rude,and coorſe, Nature has not been wanting to ſhew abundance of cu- 
riofity and excellent Mechaniſme. 

We may here find a Stone by wh of a Microſcope, to be made up of 
abundance of ſmall Balls, which do but juſt touch each other,and yet 
there being ſo many contaCts,they make a firm hard maſs, or a Stone much 
harder then Free-ſtone. 


Next, though we can by a Microſcope diſcern ſo curious a _ the 
thing” 


particles, yet to the naked eye. there ſcarce appears any ſu 
which may afford us a good argument to think, that even 1n thoſe bodies 
alſo, whoſe texture we are not able to diſcern, though help'd with Aficrs- 
ſcopes. there may be yet latent ſo curiousa ochemetjjn that it may abun- 
dantly fatisfie the curious ſearcher, who ſhall be ſo happy as to find ſome 
way to diſcover it. 
ext, we here find a Stone, though to the naked eye a very cloſe one, 
et every way perforated with innumerable pores, which are nothing clſs 
ut the way rg rm thoſe multitudes of minute globular particles, 
that compoſe the bulk it ſelf; and theſe pores are not only diſcover'd by 
the Microſcope, but by this contrivance. 
I took a pretty large piece of this ſtone, and covering it all over with 
cement, fave only at two oppoſite parts, I found my ſelf able, by bl 
in at one end that was left open, to blow my ſpittle, with which I'had wet 
the other end, into abundance of bubbles, which argued theſe pores to 
be open and pervious through the whole ſtone, which affords'usa very 
retty inſtance of the poro of ſome ſeemingly cloſe bodies,of which 
ind Iſhall anon have occaſion to ſubjoyn many more, tending to prove 
the ſame thing. | 
I muſt not here omit to take notice, that in thisbody there is not a 
etative faculty that ſhould ſo contrive this ſtructure tor any peculiar 
uf Vegetation or growth, whereas in the other inſtances of vegetable 
porous bodies, there isan anima, or forma informens, that does contrive 
all the Structures and AMecharriſmes of the conſtituting body, to-make 
them ſubſervient and uſefull to the great Work or Function theyare to 
rform. ' And fo I gheſs the pores in Wood, and other vonntel in 
ud other Animal fubſtances,to be as ſo many channels, provided by 
the Great and Alwiſe Creator, for the conveyance of appropriatedijuyces 
to particular parts. And'therefore,that this may tend, or be petvious all 
towards one part,and may have impediments.as valves or the like; td any 
other; bur in this body we have very little reaſon to ſuſpett there ſhould 
be any fuch deſign, for it:is equally pervious every way, not opcly os 
ward, 
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ward, but backwards.and fide-ways, and ſeems indeed much gather th be 
or {wlar to thoſe pores, which we may with great proba 
bility believe to be the channels of pelverd bodies, not dirdibed, cr more 
open any one way, then any other, being equally pervious every way. 
| ing as theſe pores are more or-greater in reſpett of the #- 
terſtitial bodies, the more tranſparent are the ſo conſtituted- concretes; 
and the {maller thoſe pores are, the weaker is the mpn/ſe of light com- 
muynicated through them, though the more quick be the progreſs. 
- Upon this Occaſion, T hope it will not be altogether unſeafotable, if I 
propound my conjeCtures and Hypothefis about the mediune and con» 
veyance of light. 
' I ſuppoſe then, that the greateſt part of the interſtitia of the world, 
tharlies-between'the bodies of the Sun and Starrs, and the Planets, and 
the Earth, to be an exceeding fluid body , very apt and ready to be 
movid:and to communicate the motion of any ohe part to any other part, 
though never ſo far diftant : Nor do I much concern my ſelf, to derer- 
mine what the Figure of the particles of this exceedingly ſubtile fluid 
medi muſt be 3 \nor whether it have any interſtitiated pores or vacuis» 
ies.ic being ſufficicor ro ſolve all the Phenomena to ſuppole it an exceed- 
ingly fluid; or the moſt fluid body in the world, ard as yet impoſlible to 
determine the other difficulties. 

That being fo exceeding tiuid a body,it caſily gives paſlage to all other 
bodies to move to and from it. 

That it neither receives from any of its parts, or from other bodies 4 
nor\communicates tv any of its parts, or to any other body, any impulie; 
or motion in a dirett line, that 1s. not of a determinate quickneſs. Anti 
that/ when the motion is of ſuchdeterminate fwiftnelſs, it both receives, 
and communicates,or propagates animpulfe or motion to any imaginable 
diſtancein ſtreight lines, with an unimaginable celerity and vigour. 

Thar: all kind of ſolid bodies confiſt of pretry mafiie particles in re 
fpedt of the particles of this fluid avedixi7, which in many places do fd 
roucheach other,thacnone of this fluid medizar interpofes mack after the 
fame mannner (to ufe a groſs fimilirude) asa heap of great ſtones conpatd 
- one preat congeries or maſs in the midſt of the water. - ; 

at alt fluid bodies which we may call zazgible, are nothing but ſome 
more ſubtile parts of-thoſe particles, that ſerve: tor conſtiture al} 3a»g7ble 


—_—_ water.z 'and fach _—— —— we but a 
congerie3 of particles agitated or ima id by the farte;manner 42 
theparticlesof Sal are agitared or made fhiid: by ' a parcel of iwates, in 
whieh'thoy are difſolv'd; and fubfiding ror the bottom of ie, conflnnte 2 
——_ much more maiko. exth-denle; acid Jef fluid alien iche-yrrd 
watey{idRIf | 7 ot » 492 0G 3691.) of 
''Fhatche air on theother fide is a certain of partickes of quiite 
another kind,” that is, fuch. as: are'very auch fmalles, and} more. 
moveableby the morion of this fluidzwedixac; muck like thole very ftib» 
tile party of Cochenel,and other very decpringing bouics,wiiert by oy 
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fall parcel of matteris able to tinge and diffuſe it {elf over « reat 
nantity of the fluid diflolvent z or ſomewhat aftet that ent dg 
frokk; and fach like minute bodics, or ſteams, are vbſerv'd.to tinge a 
very great ity of air; onely this laſt ſimlitude is deficient in oot 
iety, and that is a perpetuity or continuance in that ſtate of com« 
mixture with the air, but the former does more heerly a to the 
nature and manner of the airs being ditiolv'd by this flu 
And this Similitude will further hold in cheſe proprieties4 that as thoſt 
tintures may be increaſed by certain bodies,fo may they be precipita 
by others3 as I ſhall afterwardsſhew it to be very probable; that the like 


accidents happen even tothe Air it felt. | | 
Further, as theſe ſolutions and: tinures db: alter the tature of theſe 
fluid bodies,as to their aptne(s to propagare a motion or irhpulſe thy 
them, even ſo does the particles of the Air, Water, and'other fluid by« 
dies, and of Glaſs, Cryſtal, &c. which are comrvixe with this bulk of the 
ther, alter the tnorion of the propagated pulſe of light z that is, where 
theſe more bulkie particles are more plentitull, and conſequently a leſitt 
quantity of the #ther between them to be rhov'd,there the motion tnuſt 
neceſſarily be the ſwifter,though not ſo robuſt, which will icethoſe 
effes, which I have (I hope) with ſotte probability, aſcribed 40 itin 
the digreſlion about Colours, 'at the «nd of the Obſeroation; on MA 
c af. | | TA 
Ter. other Stones, and thoſe which have the cloſeſt and, hardeſt 
textures, and ſeem (as far as we ate able to diftover with out” Eyes; 
though help'd with the beſt A:croſcopes) freelt from. pores, ure yet hots 
withſtanding repleniſh'd with them ; an Inſtance of two will; 1 tuppoſe, 
make more probable. 4 | eas 
A very ſolid and wnflaw'd piece of deer white Matble, If ft Be well 
poliſh'd and glaz'd, has ſo curioutly fnooth a ſurface, that the beſt arid 
moſt poliih'd ſurface of ay wrought-glafs, ſeeins not to the baked eye, 
nor through a Mferoſcope;'to be thore ſmooth, and lefs potots. And yet, 
that this hard cloſe body i replenifh'd with abundance of pores, 4 think 
theſe following Experitnetts will ſuftgiettly prove. | in 
The firſt is, That if you take fuch a piece, and for a pretty while boy! 
it in Turpentine and Oyt of Turpentige; you ſhall find that the ſtohe will 
be all imbu'd with it ; and whereas before it look'd more white, but txtore 
opacous,- now it-will look more greaſe, but be much tnore tranipazent, 
andif you let it lie but a fire white, atd theft! break off a patr oft, you 
ſhall find the unQtuous body to have penetrated it'to ſnek a deteribinate 
depth every way within the furface., This may be yet caſter try'd; with 4 
piece of the ſame Marble, a little warm'd in the fire,and then a little Pitch 
or Tarr melted onthe top of it ; for-theſe black bodies, by therf 
ating themſelves into the invidible potes of the ſion, ting it with ſo black 
a hue, that there can be; tio further doubr of the-truth of this afſertion, 
char ir abounds with frat! im tHepores: (LS 
Now, that other bodies will alt fink intothe pores of Mevble, belides 
unGxox, 1 bave tryd, and found, that a very Blue tincture _ oy 
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irit of Urine would very readily and eaſily fink into it, as would alſo 
everal tinftures drawn with ſpirit of Wine. | 

Nor is Marble the only ſeemingly cloſe ſtone, which by other kinds of 
Experiments may be found porous; for I have by this kind ofExperi- 
ment on divers other ſtones found much the ſame efte&t, and in fome, in-. 
deed much more notable. Other ſtones I have found fo porous, that with 
the Af7croſcope I could perceive ſeveral ſmall winding holes, much like 
Worm-holes,asI have noted in ſome kind of Pxrbeck-ſtone, by looking on 
the ſurface of a piece newly flaw'd off; for if otherwile, the furface has 
been long expos'd to the Air, or has been ſcraped with any tool, thoſe 
ſmall caverns are fill'd with duſt,and diſappear. 

And to confirm this Conje@ure, yet further,l ſhall here inſert an excel- 
lent account,given into the Royal Society by that ws "oo> 5 Phy- 
fician;, Doftor Goddard, of an Experiment, not leſs in{tructiveſthen curi- 
ous and accurate, made by himſclf on a very hard and ſeemingly cloſe 
ſtone- call'd Oculus Mundi, as I find it preſery'd in the Records of that 
Honourable Society. . 


A ſmall ſtone of the kind, call'd by ſome Authours, Oculus 
Mundi, being dry and cloudy, weighd 5 2 Grains. 

The fame put under water for a night, and ſomewhat more, 
became tranſparent, and the ſuperficies being wiped dry, 
weighed 6 + Grains. 

The difference between theſe two weights, o ;2 of a Gran. 

The fame Stone kept out of water one Day and becoming 
cloudy again weighed, 52 Graines. 

Which was more then the firſt weight, 0= of a Grain. 

The fame being kept two Days longer weighed, 5= Graines, 

Which was leſs then at firſt, 0. of a Grain. 

Being kept dry ſomething longer it did not grow ſenfibly 
lighter. 

Being put under water for a night and becoming again tranſ- 
parent and wiped dry, the weight was, 6; Grains, the ſame 
with the firſt after putting in water, and more then the laſt 
weight after keeping of it dry,.0 of a Grain. 

Another Stone of the ſame kind being variegated with milky 
white and gray like ſome ſorts of Agates, while it lay under water, 
was alwaies invironed with little Bubbles, ſuch as appear in 
water 
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water a little before boyling , next the fides of the Veſlel, 
” Therewere alſo ſome the like Bubbles on the Surface of the 
water. juſt over it, as if either ſome exhalations came our of. it; 
or tharit did-excite ſome fermentation in rhe'parts of the water 
contiguoust@it; +. Aoi d :-15dy bak 
There was liecle ſenfille difference in the tranſparency of this 
Stone, before, the; putting under water, and after.; , Toba ſyre the 
milky=white-parts contimiedas before, but more difference! in 
weight” then' in the former, For whereas'before. the putting 
into the water the weight was 132. Graines, + After it hadt lyen 
in about four and twenty hours the weight was' 20% Graines,' ſo 
the difference was, 1 5 Graines, a TS 
The fame Stone was infuſed in the water ſealding hot,and fo 
continued for a while after it was cold, but gotna more weight 
then upon: infuſing in the cold, [neither was. there any ſenſible 
Difference in the weight both times, 


In which Experiment,there are three Obſervables,that ſoem very mani+ 
feſtly to prove the porouſneſs of theſe ſeemingly elole bodies: the firſt 
- tstheir acquiring a tranſparency, and'lofing'their whitencſs afteriſtcoping 

in water, which will ſeem the more ({trangly to argue it, if what Thave 
already faid about the making tranſparent, or claritying of ſome bodies, 
as the white powder of beaten Glaſs, and the froth af ſome glutinous 
tranſparent liquor be well confider'd; for thereby it will ſcem rational 
to think that this tranſparency ariſes from the inſmuation of the water 
(which has much the ſame refraCtion with ſuch ſtony particles, as may be 
diſcoverd by Sand view'd with a Microſcope)into thoſe pores which were 
formerly repleat with air (that has a very differing refraction, and-con- 
ſequently is very reflective) which ſeems to be canfirm'd by the ſecond 
Obſervable;' 'namely, \the1nicreaſe of weight after ſteeping, and'decreaſe 
upon drying. And thirdly,ſeem'd yet more ſenſibly confirm'd by the mul- 
titude of bubbles in the laſt Experiment. nO0NEH YN 

We find alſo moſt Acid. Salts very readily to diſſolve and ſeparate the 
parts of this body one from another z which js yet a further Argamentto 
confirm -2r” aaron ot bodies, and will {erve. as fuch, to ſhew thar 
evenGlaſs alſo has an abundance of pores in it,{ince there arc fevera} li- 
quors, that with long ſtaying in a Glaſs, will ſo Corrode and ear into ir; as 
at laſt, to'make it pervious to the liquor it contain'd, of which Thave 
ſcen very m ances. rmed 3etl 
Since therefore we find by other a Ys many of thoſe _—_ 
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whichwe think themaſt ſolid ones, and;appear fo: to ourſight, bave noe- 
withſtanding abundance ot thoſe-groſſer k $of pores, , which will ad- 
mit ſeveral Finds of liquors into them, Ww! hould we not lieve that 
Glaſs, and all other tranſparent bodiesabbund! with themyfinde/weliave 
many other arguments, Bligh hs PrApdparingphrhghs. iiyohſeam4ty 
argue for it 

And whereas it may be objected, that the propagatior-6f ipht'is' nd 
argyiment that there are thoſe atomical pores 19;glals; frioe-thereart Hy- 
potheſes -plauſible enough to ſolve thole Phenomena, by ſuppoſing the 

© onely to be communicated through thettiiſparenic boY;/0- > 7 

'To:this I anſwer, that that Hypatheſss whichthe induſtrions'\4ores 
has;publiſh'd about the flower, motion of the end, of a;Ray.in i 
woiithen in a more rare and thin,ſeems altogether unfufficient to ſolve 
abundance of Phenomena, of which this ishot the/leaſt conſiderable;that 
it; is impoſſible from that ſuppolition, that any colours ſhould-be gene- 
rated from the refra&ion of the Rays; for ſince by that Hy the the 
undulating pulſe is always carried perpendicular, or at right angles with 
the Ray or Line'ok direftion, it follows, that the-ſtroke of the pulſe of 
light, after it has been once or twice retracted (through a Priſme,for ex- 
ample) muſt affeCt the eye with the ſame kind of ſtroke as if it had not 
been refrafted at all. . Nor will ir be enough for'a Defendahttiof that Hy- 
potheſis, to ſay, that perhaps it 1s becauſe. the refraQtions have made the 
Rays more weak, for if ſo, then two refraCtions tn the two parallel fides 
of a Qnadrangular Priſme would produce colours, but we have no ſuch 
Phenomena produc d. 

There are ſeveral Arguments that I could bring to evince that there 
are in all tranſparent bodies ſuch atomical pores.. And that' there is fuch 
a fluid body as I am arguing for, which is the wwedium, or Inſtrument, by 
which: the pulſe of Light is convey'd from the lucid body to the en- 
lightn'd. But that it being adigrefſion from the Obſervations I was re- 
cording, about the Pores of Kettering Stone, it would be too much ſuch, 
if I ſhould protract it too long; and therefore 1 ſhall proceed to the 
next Obſervation. 


Obſery,, XVI. Of Charcoal, or burnt Vegetables. 


Harcoal,or a Vegetable burnt black, affords an objeQ no leſs pleaſant 
than inſtruftive ; for if youtake a ſmall'round Charcoal;and break 
It with your fingers, you may perceive it to break with .a very 
{ſmooth and. {leek ſurtace, almoſt like the furface of black ſealing Wax 3 
this ſurface, if it be look'd on-with an ordinary Aficroſcope, does manifeſt 
abundance of thoſe pores which are alſo viſible to the eye in many kinds 
of Wood, rang'd round the pith, both ain kind of circular order, and a 
radiant one. Of theſe there are a multitude in the fubſtance:of the Coal, 
every where almoſt perforating and drilling it. from end: to end 3 by 


means 
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means'of which, be th& Coal never ſo-long, you may eafily blow through 
it 3 and'this you may — find, by wetting otie end of it with Spittle, 
and blowing atthe ot F. PATE 41 | 2] KD» 

But this 1s not all, for beſides thoſe 'many great and'conſpitaons- itre- 
gular:{pors or pores, if a better 44icroſeope be made” wle of,” there will ap- 
pear animfinite company of exceedingly ſtnall, and very regular pores; 
ſo thick-and fo orderly ſer, and ſo cloſe ta one anothet, tharthey'leave. 
very little room or ſpace between themto be fill'd-with a ſolid body, for 
the apparent -i»terſtit5z,-or ſeparating ſides of theſe pores ſeem ſothinin 
ſome places; that the texture of a Honey-comb cannot be more'porous. 
Though this 'be not every \where ſo ,'the intercurrent partitions it 
ſome places being very much thicker in-proportion to the holes. >! | 

Moſtof theſe ſmall pores ſeem'd to be pretty round, and wererang'd 
in rows that radiated from the pith to the barks they all! of them 
ſcem'd ro:be-conutimied open pores, running the whole-length of the 
Stick; and that they were all perforated, I try'd by bregking off a very 
thin fliver of the Coal croſs-ways, and then with my Microſcope,diligent- 
ly furveying them againſt the light, for by that means I was able to ſee 
quite: through them. - 

Theſe pores were ſo-exceeding fmall and thick,that in a line of them, 
53 part of an Inch long, I found by pumbring them no lefs then: 150. 
{mall pores; and therefore in a line-of them an Inch long, muſt be no.leſs 
then 2700. pores, and in a circular area of an Inch diameter; ttuſt be 
about:5725350. of the like pores; ſo that a Stick of an Inch Diameter, 
may'containe no leſs then ſeven hundred and twenty five thonſand, be- 
ſides 5/Millions bf pores,which would, I donbt not, ſeem even incredible, 
werenot every one left to believe his own eyes. Nay, having fince ex- 
amin'd: Cocxs, black, and'green Ebony, Lignum Vite, &c. | found, that all 
theſe Woods have their pores, abundamty ſmaller then thoſe of ſoft light 
Wood ; in {0 much, that thoſe of Gzajacum ſeem'd not above aneighth 
part of the bigneſs of the pores of Beech, but then the Interſtitia were 
thicker 5 ſo-prodigioully curious are the contrivances, pipes, or fluces by 
which the $uccws nutritive, or Juyce of a Vegetable is convey'd from 
place to place: 

This 0bſervation ſeems to afford us: the true reaſon of ſeveral Phe- 
n0mena of Coals ; as 33; | 

Firſt, why they look black ; and for this we need go no further then 
the gcheme, for certainly, a body. that has fo many pores in it as this is diſ- 
cover'd to have, from each of which no light is reflefted, muſt neceſlaril 
look black, eſpecially, when the pores are ſomewhat bigger in-proport1- 
on to the intervals then they are cut in the Scheme, black being nothing 
elſe but a privation of Light, or a want of reflection; and whereſover 
this refleCting quality is | <> Vanky there does that part look black, whe- 
ther it be from a porouſneſs of the body, as in thisInſtance,or in a deadning 
and dilling quality, ſuch as I have obſerv'd in the 8coria of Lead,'Tin, 
Silver; Copper, ec. | 

Next, we may alſo as plainly. ſee the reaſon of its ſhining quality, wa 

that 
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that is from the even breaking/'aff -of the ſtick; : the ſolid, interſtitia 
having a ar termination: or ſurface, and having a pretty ſtrong re» 
Hedting quality, the many ſmall refleftions become united taitheinaked 
REN 6p FRE inivg ſurfacc. | wilt 1 

Thirdly,the reaſon of its and brittlene ſeems evident;for ſince 

all the watery or Ba ſubſtance'that moiftni'd, and toughny'd; thoſe Zrter- 

flitia of the more ſolid parts, are evaporated and! remov'd, that which 
is left hehind becomes of the nature almoſt of a ſtane, which will:not at 
all, or very little,bend without a d#on{fox or ſolution of its comtrunity. 

Ir: is. not my deſign at preſent, to examine the uſe and Mechaneſme of 
theſeparts of Wood, that being more proper ta another Enquiry z but 
rather to hint, that from this Experiment we may learn, | 

Firſt; what is.the cauſe of the blackneſs of many burnt bodies, which 
we may” find to be hothing elſe but this 3 that: the ;heat of the fire agi- 
tating.and rarifying the wateriſh, tranſparent, and volatile water that is 
contain'd in them,by the continuarion of that attion,does ſo totally expel 
and drive away all that which before fill d the pores, and was diſpers'd 
alſo through the ſolid maſs of it, and thereby caus'd an univerſal kind of 
tranſparency, that it not onely leaves all the pores empty, butall the 1+ 
terſtitra ſo dry and gpacews, ahd perhaps alſo yet further perforated, 
that that light onely is refleted back which falls upon the very outward 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loſt. in it. 

Now, that the Charring or coaling of a body is nothing elſe,” may be 
ealily believ'd by one that ſhall confider the means of its produdtion, 
which may be done after this, or any fuch manner. The body tobe 
charr'd or coal'd, may be put into a Crxcible,Pot,or any other Veſſel thar 
will endure to be made red-hot in the Fire without breaking,.and then 
cover'd over with Sand, fo as no of it be ſuffer'd to be open tothe 
Air, then ſet into a good Fire, and there kept till the Sand has continu'd 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bigneſs of the body to be coal'd or charr'd, then taking it out 
of the Fire,and letting it ſtand till it be quite cold,the body may be taken 
out of the Sand well charr'd and cleans'd of its wateriſh parts; but in the 
taking of it out, care muſt be had that the Sand be very neer cold, for 
elſe, when it comesinto the free air, it will take fire, and readily burn 
away. F 

This may be done alſo in any cloſe Veſſel of Glaſs, as a Refort, or the 
like, and the ſeveral fluid ſubſtances that come over may be receiv'd in 
a fit Recipient, which will yet further countenance this Hypotheſis : And 
their manner of charring Wood in great quantity comes much to the ſame 
thiog, namely, an application of a great heat to the body, and preſervi 
it from the free acceſs of the devouring air; this may be ealtly learn'd 
from the Hiſtory of Charring of Coal, moſt excellently deſcrib'd and 
publiſh'd by that moſt accompliſh'd Gentleman, Mr. Jobs Evelin, in the 
100, IO1, 103, pages of his Sy{va, to which I ſhall therefore refer the cu- 
rious Reader that defires a full information of it, 
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Next, we may learn what part of the Wood it is that is the combuſtible 
matter; for ſince we ſhall find that none, or very little of thoſe fluid ſub- 
ſtances that are driven over into the Receiver are combuſtible, and that 
moſt of that which is left behind is ſo, it follows, that the folid interſtitia 
of the Wood are the combaſt;ble matter. Further, the reafon why un- 
charr'd Wood burns with a greater flame then that which is charr'd, is as 
evident, becauſe thoſe waterifh or volatil parts ifluing out of the fired 
Wood, every way, not onely ſhatter and open the body, the better for 
the fire to enter, bur ifluing our in vapours or wind, they become like 
ſo many little eo/zpiles, or Bellows, whereby they blow and agitate the 
fir d part, and conduce to the more ſpeedy and violent conſumptionor 
diflolution of the body. 2 "1 6 

Thirdly, from the Experiment of charring of Coals (whereby we ſee 
that notwithſtanding the great heat, and the duration of it, the ſolid 
parts ofthe Wood remain, whileſt they are preſervd from the free acceſs 
of the air undiflipated) we may learn;that which has not,that know of; 
been publiſh'd or hinted, nay, not fo much as thought of, by any and 
that in ſhorts this. 1 

Firſt, that the Air in which we live, move, and breath, and which en- 
compaſles very many, and cheriſhes moſt bodies it encompaſſes, that this 
Air 1s the menſtranm,or univerſal diflolvent of all Sulphureows bodies. 

Secondly, that this ation it performs not, till the body be firſt ſuffi- 
ciently heated, as we find requiſite alſo to the diflolution of many other 
bodies by ſeveral other mrenſtrunms. 

Thirdly, that this aFion of dillolution, produces or generates a very 
great heat,and that which we call Fire; and this is comtnon alſo to many 
diflolutions of other bodies, made by wenſtrunms, of which I could give 
multitudes of Inſtances. og 

Fourthly, that this a&ion is pertorm'd with ſo great a violence, and 
does ſo mmutely aQ, and ' rapidly agitate the ſmalleſt parts of the com- 
buſtible matter, that it produces in the diaphanows medinm of the Air, the 
action or pulſe of light,which what it is, I have elſe-where already ſhewn. 

Fifthly,that the diſſolution of ſulphureous bodies is made by a ſubſtance 
inherent, and mixt with the Air, that is like, if not the very ſame, with 
that which is fixt in Salt-peter, which by multitudes of Experiments that 
may be made with $altpeter,will, I think,moſt evidently be demonſtrated. 

Sixthly, that in this diſſolution of bodies by the Air, a certain part is 
united and' mixt, or difloly'd and turn'd into the Air, and made to fly up 
and down with it in the ſame manner as a weta//ire or other body dif- 
folv'd into any mexfiranms, does follow the motions and progreſles of 
that zrerſirunn till it be precipitated, 

Seventhly, That as there is one part that is diffoluble by the Air,ſoare 
there other parts with which the parts of the Air mixing and uniting, 
do make a Coagnlum, or precipitation, as one may call it, which cauſes 
It to be ſeparated from the Air, but this precip?tate is fo light, and'in 
fo ſmall be rarify'd or porous cluſters, that it is very volatil, and is eafily 
carry d upby the motion ofthe Air,though afterwards, when the heat and 
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«gation that kept it rarify'd ceaſes,it calily condenſes,and commixt with 
other indiſfſoluble parts, it ſticks and adheres to the next bodies it meets 
withalls and this is a certain 8/t that may be extracted out of Soox. 

Eighthly, that many indifloluble parts being very apt and prompt to 
berarify'd, and fo, whileſt they continue in that heat and agitation, are 
lighter then the Ambient Air, are thereby thruſt and carry'd upwards 
with great violence, and by that means carry along with them, not onely 
that Solive concrete I mention'd before, but many terreſtrial, or indif- 
ſoluble and irrarefiable parts, nay, many parts alſo which are diſloluble, 
but gre not ſuffer'd to ſtay long enough in a ſufficient heat to make them 
prompt and apt for that aQtion. And therefore we find in $99t, not onely 
a part that being continued longer in a competent heat, will be dif- 

'd by the Air, or take fire and burn but a part alſo which is fixt, ter- 
reftrial, 80d irrarefiable. | ; 

Nipthly, thatas there are theſe ſeveral parts that will rarific and fly, 
or. be driven vp by the heat, ſo are there many others, that as they are 
indiffolyble by the cerie/ wenſtrunxr,ſo arc they of ſuch ſluggiſh and groſs 
parts, that they are not eaſily rarify'd by heat, and theretore cannot be 
rais 4 by it 3 the volatility or fixtnels of a body ſeeming to conliſt only in 
this, that the-one is of a texture, or has component parts that will be 
eaſily rarify'd into the form of Air, and the other, that it has ſuch as will 
net, without much ado,be brought to ſuch a conſtitution; and this is that 
part which remains behind in a white body call'd Aſhes, which contains 
a ſubſtance,or 8alt,which Chymilts call Alfali:what the particular natures 
of each of theſe bodies are, I ſhall not here examine, intending it in an- 
other place,but ſhall rather add that this Hypotheſis does fo exattly agree 
with all Phanemera of Fire, and ſagenuinely explicate each particular 
circumſtance that I have hitherto obſery'd, that it is more then probable, 
_ that thiscauſe whichlT have aflign'd is the true adequate, real, and onely 

cauſe of thoſe Phenomena ; And therefore I ſhall proceed a little fur- 
ther, to ſhew the pature and ule of the Air. 

Tenth) therefore the diflolving parts of the Air are but few,that isit 
frems of the nature of thoſe Salive menſtruvms, or ſpirits, that have very 
much flegme mixt with the ſpirits, and therefore a ſmall parcel of it is 

uiekly glutted, and will diflolve no mare; and therefore unteſs ſome 
part of this wenfiranm. be apply'd to the body to be diſlolv'd, the 
ation ceaſes, and the body leaves to be dilſolv'd and to ſhine, which is 
the Indication of it, though plac'd or kept inthe greateſt heat; whereas 
Seltpeter is 2 wenſtruvae, when melted and red-hot, that abounds more 
with. thoſe Diflalvene particles, and therefore as a ſmall quantity of it 
will _ a great ſulphureous bady, ſo will the diflolutian be very 
> ad woo! | 

Therefore in the Beventh place, it is obfervable, that, as in other 
ſolutions, if a 9 yp quick fupply of frelh »exfiruxzs, though bu 
weak, be poured on, or applied to the diſlalyble body, is quickly con- 
limes it : $o this enfiruwanot the Air, it by Bellows, or apy ather fuch 
contrivance, k be copiouſly apply'd to the ſhining body, is yy tQ 

; olve 
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diſſolve it as ſoon, and as violently as the more ſtrong menftruum of 
melted Nitre. | 

Therefore twelfthly, it ſeems reaſonable to think that there isnoſuch 
thing asan Element of Fire that ſhould attra&t or draw up the flame, or 
towards which the flame ſhould endeavour to aſcend out of a defire or 
appetite of uniting with that as its Homogezeal primitive and generating 
Element ; but that that ſhining tranſient body which we call Flame, 1s 
nothing elſe but a mixture of Air, and volatil fulphureous parts of diſſo+ 
luble or combuſtible bodies, which are aCting upon each other whitſt 
they aſcend, that is, flame ſeems to be a mixture of Air, and the com- 
buſtible volatil parts of any body, which parts the encompaſſing Air 
does diflolve or work upon, which aCtion,as it does intend the heat of the 
aerial parts of the difſolvent,ſo does it thereby further rarifie thoſe iparts 
that are ating, or that are very neer them, whereby they growing much 
lighter then the heavie parts of that Merſtrunm that are more remote,are 
thereby protruded and driven upward; and this may be eaſily obſery'd 
alſo in diſlolutions made by any other menſtrunw, elpecially ſuch as either 
create heat or bubbles. Now, this aCtion of the Mernſtanzr, or Air, onthe 
difloluble parts, 1s made with ſuch violence, or is ſuch, that it imparts 
ſuch a motion or pulſe to the diaphanows parts of the Air, asI have elſe- 
where ſhewn is requilite to produce light. 

This Hypotheſes I have endeavoured to raiſe from an Infinite of Obſer- 
vations and Experiments, the proceſs of which would be muck too long 
to be here inſerted, and will perhaps another time afford matter copious 
enough for a much larger Diſcourſe, the Air being a Subje& which 
(though all the world has hitherto liv'd and breath'd in,and been uncon- 
verſant about)has yet been ſo little truly examin'd or explain'd,that a di- 
ligent enquirer will be able to hind but very little information from what 
has been (till of late) written of it : But being once well underſtood, it 
will, I doubt not, inable a man to render an intelligible, nay probable, if 
not the true reaſon of all the Phenomena of Fire, which, as it has been 
found by Writers and Philoſophers of all Ages a matter of no ſmall dif- 
ficulty, as may be ſufficiently underſtood by their ſtrange Hypotheſes,,and 
unintelligible Solutions of ſome few Phenomena of it ; ſo will it prove a 
matter of noſmall concern and uſe in humane affairs, as I ſhall elſewhere 
endeavour to manifeſt when I come to ſhew the uſe of the Air in reſpi- 
ration, and for the preſervation of the life, nay, for the conſervation and 
reſtauration of the health and natural conſtitution of mankind as well as 
all other acreal animals, as alſo the uſes of this principle or propriety of 
the Air in chymical, mechanical, and other operations. In this place I 
have onely time to hint an Hypotheſes, which, it God: permit me hfe and 
opportunity, I may elſewhere proſecute, improve and publiſh, . In the 
mean time, before I finiſh this Diſcourſe, I muſt not forget to acquaint the 
Reader,that having had the liberty granted me of making ſome trials on 
a piece of Lignum: foſſule ſhewn to the Royal Society, by the eminently 
Ingenious and Learned Phyſician, Doctor Ext, who receiy dit for a Pre- 
ſent from the famous Ingenioſo Cavalliero de Pozzi,it being one of the faireſt 


and 
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and beſt pieces of Liga: foſſule he had ſeen; Having (ſay) taken a 
ſmall piece of this Wood, - examin'd it, Ifound it to bam the o 
Air almoſt like other Wood, and inſteed of a refinous fmoak or fume, 
it yielded a very bituminous one, ſmelling much of that kind of ſent : Bur 
that which 1 chiefly-took notice of, was, that cutting off a ſmall picce of 
it, about the bigneſs of: my Thumb, and charring it in a Crwcible with 
Sand, after the manner I above preſcrib'd, I found it infinitely to abound 
with the ſmaller ſort of pores, b extreme thick, and fo regularly perfo- 
rating the ſubſtance of it long-ways, that breaking it off a-croſs, I found 
it 'to look very like an Honey-comb; but as for any ofthe ſecond, or 
bigger kind of pores, I could not find that it had any ; ſo that it ſeems, 
whatever were the cauſe of its produCtion, it was not without thoſe 
ſmall kind of pores which we have onely hitherto found in Vegetable bo- 
dies: and comparing them with the pores whichT have found 1n the Char- 
coals thatiby this means made of ſeveral other kinds of Wood, I find it 
reſemble noneſo much as thoſe of Firr, to which it is not much unlike in 
grain alſo, and ſeveral other proprieties. 

And therefore,what ever is by ſome, who have written of it,and parti- 
cularly by Franciſco Stel/uto,who wrote a Treatiſe in Italian of that Sub- 
oft which was Printed at Rowe, 1637. affirm'd that it is a certain kind of 
Clay or Earth, which in traCt of time is turn'd into Wood] rather ſuſpe&t 
the quite contrary, that it was at firſt certain great Trees of Fir or Pine, 

ich by ſome Earthquake, or other caſualty, came to be buried under 
the ahead wasthere,after a long time's refidence(according to the ſe- 
yeral natures of the encompaſing adjacent parts)either rotted and turn'd 
into a kind of Clay, or petrifyd and turn'd intoa kind of Stone, or elſe 
had its pores filt'd with certain Mineral juices,which being ſtayd in them, 
and in tra& of time coagulated, appear'd, upon cleaving out,like ſmall 
Metaline Wires, or elſe ſome flames or ſcorching forms that are the 
occaſion oftentimes,and uſually accompanyEarthquakes,might be blaſted 
and turn'd into Coal, or elſe from certain ſubterraneons fires which are 
aftrm'd by that Authour to abound much about thoſe parts (namely, in 
a Province of Italy, call'd Umbria, now the Putchie of Spoletto, in the 
Territory of Todi,anciently call'd T#dor;and between the two Villages of 
Colleſecco and Roſars not far diſtant from the high-way leading to Kee, 
where it is found in greater quantity then elſ{ewhere)ate by reaſon of their 
being encompaſled with Earth, and fo kept cloſe from the diflolving Air, 
charr'd and converted into Coal. It would be too long a work to de- 
ſcribe the ſeveral kinds of pores which I met withall, and by this means 
diſcoyered in ſeveral other Vegetable bodies; nor is it my preſent defign 
ro expatiate upon Inſtances of the ſame kind. but rather to give a Spe- 
cimen of as many kinds as T haye had opportunity as yet of ing, #c- 
ſerving the proſecution and — particulars till a more ft op- 
portunity ; and in proſecution of thys deſign, I ſhall here add : 
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- Obſerv,.'X V 11. Of Petrify'd wood; andather Perrify'd bodies; 


F this ſort of ſubſtance, I obſery'i} ſeveral piedes of very differin 

kinds, both for their' outward ſhape; colour; grain, texture, hard? 
neſs, &c. ſome being, brown and rediſh; others gray, like a Hong 3 others 
black, and Flint-like': ſome fottilike a Slate ot/ Whetſtone; others as hard 
as'a Flint; and as brittle;: 'That which I mare particular exatnin'd,;was a 
piece about'the bigneſs of a mans hand, which ſeem'd:to. have beera part 
of ſome large tree, that by rottenneſs had been broken off from it.hefore 
it began.tobepetrrify d. 11m | 
' And indeed, all that Thave yet ſeen, ſeem to have been rotten Wood 
before the petritattion was begun; and not long-fince, examining and 
viewing a huge great 04k, that ſeem'd with meer age to be rotten as it 
ſtood, I was very much confirm'd in this opinion 3 jo I found, that the 
grain, colour, and ſhape of the Wood, was exactly like this petrify d ſub- 
{tance ; and with a 4fcroſcope, I found, that all thoſe Mitroſcopical ,pores, 
which in ſappy or firm and found Wood are fill'd with the natural or in- 
nate Juices 4 thoſe Vegetables, in-this they were all empty, like thoſe 
of Vegetables charr d;, but with this ditterence, that'they ſeem d much 
larger then I have ſeen any in Char--oals; nay, even then thoſe of Coals 
made of great blocks of Timber, which are commonly call'd Old-coals. 

The reaſon of which difference may probably be, that the charring of 
Vegetables, being an operation quickly perform d,and whileſt the Wood 
Is —_ the more ſolid parts may more eafily ſhrink together, and con- 
tract the pores or interſtitia between them, then in the rotten Wood, 
where that natural juice ſeems onely to be waſh'd away by adventitious 
or unnatural moiſture z and ſo though the natural juice be waſted from 
between the firm parts, yet thoſe. parts are kept afunder by the adventi- 
tous moyſtures, and ſo by degrees ſettled in thofe poſtures. | 

And this I likewiſe found in the petrify'd Wood, that the pores were 
ſomewat bigger then thoſe of Charcoal, each pore being neer upon half 
as bigg again, but they did not bear that diſproportion which is expreſt 
in the tenth Scheme, between the {mall ſpecks or pores in the firlt Fi- 
pure (which repreſenteth the pores of Coal or Wood charr'd) and the 

lack ſpots of the ſecond Figure (which repreſent the like Acroſcopical 
pores in the petrify d Wood) tor theſe laſt were drawn by a Aficreſcope that 
magnify'd the object above ſix times more in Diameter then the Micro- 
ſcope by which thoſe pores of Coal were obſery'd. 

Now, thongh they were a little bigger, yet did they keep the exact 
figure and order of the,pores of Coals and of rotten Wood, which laſt 
alſo were much of the ſame cize: | | | 

The other Obſervations on this petrifg'd fubſtance, that a while fince, 
by the appointment of the Royal Society, I made, and preſented to them 
an account of, were theſe that follow, which had the honour done them 
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by the moſt accompliſh'd Mr. Evelin, my highly honour'd friend, to be 
inſerted and publi among thoſe excellent Obſervations wherewith 


his 8ylva js repleniſh'd, and would therefore have been here omitted, had 
not 'the Figwe of t as they appear'd through. the 2/#ra/vpe betn 
before that engraven. 


This 7etrif d fubſtance reſembled Wood, in that | % 
'Firſt, all the it ſeem'd not at all dzffecated, or alter'd from 
their natural Pofition, whil'ſt - 15 eg Wood, but the whole piece re- 
rain'dthe exa@t ſhape of Wood, having many of the conſpicuous pores 
of wood {till remaining pores, and ſhewing a manifeſt difference vifible 
enough between the grain of the Wood and that of the bark, eſpecially 
when' aty fide of it was cut ſmooth and polite; for then ir appear'd to 
have a very lovely grain, like that of ſome curious cloſe Wood. 

Next (it reſembled Wood) in that all-the ſmaller and (ifT may fo call 
thoſe which are onely viſible with a good magnifying Glaſs) Afcroſcops- 
cal-poresof it appear (both when the ſubſtance 1s cut and poliſh'd traxf- 
_ and paralkl to the pores of it) pertettly like the Mcroſcopical pores 
of {everal kinds of Wood, eſpecially like and equal to thoſe of ſeveral 
forts 'of rotten Wood which I have ſince oblerv'd, retaining both the 
(ha NT and magnitude of ſuch pores. It was differing from Wood : 

irſt. in weight, being to common-water as 34 to 1. whereas there are 
few of our Exeliſh Woods, that when very dry are found to be full as 
heavie as water. 

Secondly, in hardneff, being very neer as hard as a Flint; and in ſome 
places of it alſo reſembling the grain of a Flint: and, like it, it would 
very readily cut Glaſs, and would not without difficulty, eſpecially in 
ſome mow of it, be ſcratch'd by a black hard Flint : It would alſo as rea- 
dily ftrike fire againſt a Steel, or againſt a Flint, as any common Flint. 

irdly, in the cloſereffof it, for though all the Aficroſcopical pores of 
this petrify'd ſubſtance were very conſpicuous in one poſition ,yet by al- 
tering that —— of the poliſh'd furtace to the light, It was alſo mani« 
feſt, that thoſe pores _ darker then the reſt of the body, onely 
becauſe they were fill'd up with a more dutkie fubſtance, and not be- 
cauſe they were hollow. 

Fourthly, in its i»combaſtiblenefs, in that it would not burnin the fire z 
nay,though I kept it a good while red-hot inthe flame of a Lamp, made 
very #ztexſe by the blaſt of a {mall Pipe, and a large Charcoal, yet it 
feem'd not at all to have diminiſh'd its extenſion ; but only I found it ro 
have chang'd its colour, and to appear of a more dark and duſkie brown 
colour ; nor could I perceive that thoſe parts which ſeem'd to have been 
Wood at firſt, were any thing waſted, but the parts appear'd as ſolid and 
cloſe as before. It was further obſervable alſo, that as it did not confame 
like Wood, ſo neither did it crack and flie like a Flint, or ſuch like hard 
Stone, nor was it long before it appear'd red-hot. 

Fifthly, in its d/ſofnbleneſ; for putting ſome drops of diſtill'd Vinegar 
upon the Stone, I found it preſently to yield very many Bubbles, juſt like 
thoſe which may be obſerv din ipirit of Yinegar when it corrodes corals, 
though 
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though perhaps many of thoſe ſmall Bubbles tnighe proceed from ſome 
frnall reels ofifir which wero driven out of recs this petrify'd 
ſubſtancebyrhe intiouating liquid menſirunm, WA att, 
Giplidyy its rigideſs and friability, being not at all flexible| but 
brittle like tt Flint, inſornhuch that I could with one knock of a Hammet' 
break off a (piece'of it, and with a few! norte, reduce that ihto a pretty 
Seventhly, it ſeem'd alſo very differing from. Wood to the Fdxch, feels 
ing more cold then Wood uſually does; and nwch like other cloſe ftotes 
and Minerals. , 291! Io 8790! 
The Reafons of all which Phewowena feetn tobe; 


Thar this pezHrfj'd Wood having lain in ſome place where is was \well | 


foak'd withpetrifzirg water (that is. fuch a water &s is well reupregrated 
with ſtony and carthy particles) did by degrees ſeparate;cither by ftrain- 
ing and fitration,or pethaps,by precipitation. ro or coapulativn,abun- 
dance bf. ftony particles' from the permeating water, which {bony par- 
cicles,being by meansof the tluid vebrele convey'd,nbt onely into the Afr 
croſcopiral pores, and fo periettly ſtoping them up, but allo into the pores 
or intcrftit:a which may. perhaps, be even in the texture or $chtmatiſmee 
of that part of the Wood, which, through the Aficroſodpe,appears nioft fo- 
lid, do thereby ſo augment the weight of the Wood, as to makent above 
three times heavier then water, and perhaps, fix times as heavie as it was 
when Wood; 3 1 (1 ty, 

Next, they thereby & lock up and fetter the parts of the Wood, that 
the fire cannot eaſily make them fie awiy.but theadtion of the firb 


themn is onely able to Char thoſe party, as it were, like a pitce of Wood if 


it be clogd very faſt up it Clay,and kept a good white red-hot uw the fire, 
will by the heat of the fire be charr'd and not conſum'd, which may, per- 
haps, alſo be ſomewhat of the cauſe, why the petrify d ſubſtance appear'd 
of a dark brown colour after it had been burnt. | 

By this 3# of the petrifying particles, this ſubſtance alſo becomes 
had and fraxble; for the ſmaller pores of the Wood being perfectly 
wedg'd, and ſtuft up with thoſe ſtony particles, the ſmall parts. of the 
Wood have no places or pores into which they may flide upon bending, 
and confequently little ox no flexion or yiclding at all can be caus'd in 
ſuch a ſubſtance. 

The remaining particles likewiſe of the Wood among the ſtony par- 
ticles, may keep them from cracking and flying when put intoithe fire, 
as they are very apt to doin a line. 

Nor is Wood the onely fubſtatice that tnay by this Kind of #ranſmute- 
tion be chang'd into ſtone 5 for. I my felf have ſeen and examin'd very 
many kinds' of fubftances, and arnong- very credible Authours, we may 
meet with Hiſtories of fuch Adetamorphoſes wrought altnoft on all kind 
of fubſtances, both Vegetable and Axizral, which Hiſtories, it is not my 
bufinek at preſent, cither to relate, or epitomiſe, but only vo ſet Yown 
forme Obſervarion [ larely made on ſeveral kind of petrify'd Shels, found 
about Keinſhew, which lies within four or five miles of Brifdol, which are 


commonly call'd Serpertinc-ſiones. Exami- 
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Examining ſeveral of theſe very curiouſly figur'd bodies (whith are 
commonly thought to be Stones torm'd by ſore extraordinary: Plaſtick, 
virtue latent in the Earth it ſelf) I took notice of theſe parti : 

Firſt, that theſe figured bodies, or ſtones, were of very differing ſub- 
ſtances, as to hardneſs: ſome of Clay, ſome >Marle, ſome ſoft Stone, al- 
moſt of'the hardneſs of thoſe ſoft ſtones which Maſons call Fire-ſtone, 
others as hard as Portland ſtone, others as kard as Marble, aiid-ſome 
hard a aFlint or Cryſtal. F | 

Next, they were of very differing ſubſtances as.to tranſparency and 
colour; ſome white, ſome almoſt black, ſome brown, ſome. Metalline, or 
| like Marchaſites;z ſome tranſparentlike white Marble, others like flaw'd 
Cryſtal;fome gray, ſome of divers colours ; ſome radiated like theſe long 
petriffd'arops, which are pr aaney found at the Peak, and: in other 

bterraneons caverns, Which have a kind of pith inthe middle. 

- - Thirdly, that they were very different as to the manner of their out- 
ward figurationz for ſome of them: ſeem'd to have been the ſubſtance 
that had fill'd the Shell of ſome kind of Shel-fiſh; others, to have been 
the ſubſtance that had contain'd or enwrapp'd one of thoſe Shels,on both 
which,the perfect impreſſion either of the infide or outſide of ſuch Shells 
ſeem'd to be left, but for the moſt part, thoſe impreſſions ſeem'd to be 
made by an imperfect or broken Shell, the great end or mouth of the 
Shell being always wanting, and oftentimes the little end, and ſometimes 
half, and in ſome there were impreſſions, juſt as if there had been holes 
broken in the figurating, imprinting or moulding Shell ; ſome of them 
ſcem'd to be made by ſuch a Shell very much bruſed or flaw'd, infomuch 
that one would verily have thought that very figur'd ſtone had been 
broken or bruſed whilſt a gelly, as 'twere, and fo hardned, but within 
in the grain of the ſtone, there appear'd not the leaſt ſign of any ſuch 
bruſe or breaking, but onely on the very uttermoſt "xa Fr 

Fourthly, they were very different,as to their outward covering, ſome 
having the perfect Shell, both in figure, colour, and ſubſtance, Nitcking 
on upon its ſurface, and adhering to it, but might very eaſily be ſepa- 
rated from it, and like other common Cock/e or Scolep:ſhels, which ſome of 
them moſt accurately reſembled,were very diſloluble in common Vineear, 
others of them,cſpecially thoſe Serpentine, or Helical tones were cover'd 
or retained the ſhining or Pearl-colour'd ſubſtance of the inſide of a Shel, 
which ſubſtance, on ſome parts of them, was exceeding thin, and might 
very calily be rubbed off; on other parts it was pretty thick, and re- 
tained a white coat, or flaky ſubſtance on the top, juſt like the outfides 
of ſuch Shells; ſome of them had very large pieces of the/Shell very 

lainly ſticking on to them, which were eafily to be broken or faked off 
- degrees: they likewiſe, ſome of them retain'd all along the ſurface of 
them very pretty kind of ſutzres, ſuch as are obſerv'd in the ſkulls of ſe- 
veral kinds of living creatures, which ſatzres were moſt curiouſly ſhap'd 
in the manner of leaves, and every one of them inthe fame Shell, exattly 
one like another, which I was able to diſcover plainly enough with my 
naked. eye, but more perfetly and diſtindily with my Adicroſcope 5 all 

theſe 


theſe ſutwres, by breaking ſome of theſe ſtones] found to be the ternrins; 
or boundings of certam iaphragors.ot partitions, which feem'd to divide 
thecayity of the Shell into a multitude of very proportionate and regus 
lar celfs or caverns, theſe Diaphrayms, in inaty ofthem, Ifound very pers 
fet and compleat, of a very diſtin&t ſubſtance from that which k11'd the 
cavities, and exactly of the ſame kind with that which covered the outs 
fide, being for the moſt part whitiſh, or wother-of-peer! colour'd; 

As for the cavities between thoſe Diaphragm, I found ſome of them 
fll'd with Marle, and others with ſeveral kinds of ſtones, others. for the 
moſt part hollow, onely the whole cavity was uſually covered overt 
with a kind of tartareons petrify'd (ubſtance, which ſtuck about the fides, 
and was there (hot into very curious regular Fi ; juſt as 7artey, or 
other diffoly'd Salts are obſerv'd to ſtick and crylallts about the (ides of 
the containing Veſſels; or like thoſe little Diamarts which I before ob» 
ſerved to have covered the vaulted cavity of a Flint ; others had theſe 
cavities all lin'd with a kind of metal/ine or marchaſite-like ſubſtance, 
which with a Afcroſcope I could as plainly ſee moſt curiouſly and regu 
larly figured, as I had done thoſe in a Flint. 

From all which, and ſeveral other particulars which I obſerv'd, I can- 
not but think, that all theſe, and moſt other kinds of ftony bodies which 
are found thus ſtrangely figured,do owe their formation and figuration, 
not to any kind of Plaſtick, virtze inherent inthe earth, but to the Shells 
of certain Shel-fiſhes, which, either by ſome Deluge, Imundation, Eatth- 

uake, or ſome ſuch other means, came to be thrown to that place, and 
there to be fill'd with ſomekind of Mudd or Clay, or petrifying Water, 
or ſome other ſubſtance, which in tralt of time has been ſettled toge» 
ther and hardned in thoſe ſhelly moulds into thoſe ſhaped ſubſtances we 
now find them 3 that the great and thinend of theſe Shells by that Earth- 
uake, or what ever other extraordinay cauſe it was that brought them 
thither, was broken off; and that many others were otherwiſe broken, 
bruiſed and disfigured ; that theſe Shells which are thus ſpiralzed and fe+ 
parated with Diaphragmes,were ſome kind of Nautili or Porcelane ſbellr , 
and that others were ſhells of Cockles, Muſcles, Periwincles, Scolaps 6c. of 
various ſorts; that theſe Shells in many, from the particular nature of the 
containing or enclos'd Earth, or ſome other cauſe, have in tract of time 
rotted and mouldred away, and onely left their impreſſions, both on the 
containing and contained ſubſtances; and {q left them pretty loale ane 
within another, ſathat they, may be eaſily ſeparated by a knock or two 
of a Hammer: That others of theſe Shells, aceording to the' nature 
of the ſubſtances adjacent 'to them, have, by a long continuance in 
that poſture, been petrify/d and turn'd into the nature of ſtone, juſt as I 
even now obſerv'd feveral forts of Wood to be. That oftentimes the Shell 
may be found with one kind of fubſtance within, and quite another 
without, having, perhaps, beenfill'd ir one place, and afterwards trantla- 
ted to another, which I have very frequently obſerv'd in Cookle, Iujcte, 
Periwincle; and other ſhells, which I have found by the Sea fide. Nay, 
further, that ſome parts of'the ſame Shell may be fill'd int one Rm and 
me 
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ſome other caverns in another, and others in a third,or a fourth, or a fifth 

place, for ſo many differing ſubſtances have I found in one of theſe pe- 

trify d Shells,and perhaps all theſe differing from the way Opt > ne 
or ſtone ; the means how all which varieties may be caus'd, I think, will 
not be difficult to conceive, to any one that has taken notice of thoſe 

Shells, which are commonly found on the Sea ſhore : And he that ſhall 

throughly examine ſeveral kinds of ſuch curiouſly form'd ſtones,will ({ 

am very apt to think) find reaſon to ſuppoſe their generation or forma- 

tion to be aſcribable to ſome ſuch accidents as I have mention'd, and 

not to any Plaſtick, virtue ; For it ſeems to me quite —— the in- 

finite prudence of Nature, which is obſervable 1n all its works and pro- 

dudions, to deſign every thing to a determinate end, and for the attain- 

ing of that end, makes uſe of ſuch ways as are (as farr as the knowledge 
of man has yet been able to nick ) altogether conſonant, and. moſt 

agreeable to man's reaſon, and of no way or means that does contradict, 

or is contrary to humane Ratiocination ; whence it has a long time been 

a general obſervation and waxime, that Nature does nothing in vain; It 

ſeems, I ſay, contrary to that great Wiſdom of Nature, that theſe prettily 

ſhap'd bodies ſhould have all thoſe curious Figures and contrivances 

(which many of them are adorn'd and contriv'd with) generated or 
wrought by a Plaſtick, virtue, for no higher end [then onely to exhibite 

ſuch a form; which he that ſhall throughly conſider all the circumſtances 
of ſuch kind of Figur'd bodies, will, I think, have great reaſon to be- 
lieve, though, I confeſs, one cannot preſently be able to find out what | 

Nature's deſigns are. It were therefore very deſirable, that a good col-. 

leQtion of ſuch kind of figur'd ſtones were colle&ed ; and as many par- ? 

ticulars, circumſtances, and informations collefed with them as could be * 
obtained, that from ſuch a Hiſtory of Obſervations well rang'd, ex- 
amin'd and digeſted, the true original or production of all thoſe. kinds * 
of ſtones might be perfe&tly and furely known; ſuch as are Thunder- © 
ſtones, Lapides Stellares, Lapides Judaici,and multitudes of other, where-_ 
- mention is made in Aldrevandws Wormins, and other Writers of ' 

inerals, 


Obſerv. X VII1. Of the Schematiſme or Texture of Cork, and 
of the Cells and Pores of ſome other ſuch frothy Bodies. 


[| Took a good clear piece of Cork, and with a Pen-knife ſharpen'd as 
& keenas a Razor, I cut a piece of it off, and'thereby left: the ſurface of 
it exceeding ſmooth, then examining it very diligently: with a Aicro- 
ſcope, me thought I could perceive it to appear a little porous; but I I _. 
could not ſo plainly diſtinguiſh them, as to be ſure that they were pores, Fi OE 
much leſs what Figure they were of : But judging from the lightneſs and 

yielding quality of the Cork, that certaiply the texture could not beſo 

curious, 
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curions, but that poſſibly, if I could uſe ſome further diligence, I might 
find it to be diſcernable with a — e, I with the ſame ſharp Pen- 
knife, cut off from the former ſmooth a an exceeding thin piece of 
it, and placing it on a black object Plate, becauſe ir was it ſelf a white 
bady, and caſting the light on it with a deep plano-convex Glaſs, I could 

exceedingplainly perceive it tobe all perforated and porous,much like 
a Honey-comb,but that. the pores of it were not regular; yet it wasnot 
unlike a Honey-comb in theſe particulars. 

Firſt, in that it had a very little ſolid ſubſtance, in compariſon of the 
empty cavity that was contain'd between, as does more manifeſtly appear 
by the Figure A and B of the XI. 8cheme, for the Interſtitia, or walls 
(as I may ſo call them) or partitions of thoſe pores were neer as thin in 
proportion to their pores, as thoſe thin: films of Wax.in a Honey-comb 
(which encloſe and conſtitute the ſexargular cells) are to theirs. 

Next, in that theſe pores, or cells, were not very deep, but conſiſted 
of a great many little Boxes, ſeparated out of one-continued long pore; 
by certain Diaptragers, as is vitible by the Figure B, which repreſents a 
light of thoſe pores ſplit the long-ways. 

I no ſooner dilcern'd theſe ( which were indeed the firſt microſcopical 
pores I ever ſaw, and perhaps,that were ever ſeen, for Thad not met with 
any Writer or Perſon, that had made any mention of: them before this) 
but me thought had with the diſcovery of them, preſently hinted tome 
the true and intelligible reaſon of all the Pheromena of Cork ; As, 

Firſt, if I enquir'd why it was ſo exceeding light a body? my Micro- 
ſcope could preſently inform me that here was the ſame reaſon evident that 
theres found for the lightneſs of froth, an empty Honey-comb, Wool, 
a Spunge, a Pumice-ſtone, or the like ; namely, a very ſmall quantity of a 
ſolid body, extended into exceeding large dimenfions, 

Next, it ſeem'd nothing -more difficult to give an intelligible reaſon, 
why Cork is a body ſo very unapt to fuck and drink in Water, and eon- 
ſequently preſerves it ſelf, floating on the top of Water, though left on it 
never ſo long : and why itis able to ſtop and hold air in a Bottle,though 
it be there very much condens'd and conſequently _ very ſtrongly 
to get a paſlage out, without ſuffering the leaſt bubble to paſs through 
Its | Long For, asto the firſt, ſince our Microſcope informs us that the 
ſubſtance of Cork is altogether fill'd with Air, and that that Air is per- 
fetly encloſed in little Boxes or Cells diſtinct trom one another, It ſeems 
very plain, why neither the Water, nor any other Air can eafily infinu- 
ate it ſelf into them, ſince there is already within then an itws exiſters, 
and conſequently, why the pieces of Cork become, fo good floats for 
Nets, and ſtopples for Viols, or other cloſe Veſlels. * - 

And thirdly, if we enquire why Cork has ſuch a ſpringineſs and fwel- 
ling nature whem compreis'd ? and how it comes to ſuffer fo great a com- 
preſſion, or ſeeming penetration of dimenſions, fo as.to be made a ſub- 
ſtance as heavie again and more, bulk for bulk, as it was before compreſ- 
fon, and yet ſuffer'd to return, is found to extend it ſelf again into the 
ame ſpace? Our Microſcope will cafily inform us, that the whole _ 
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conſiſts of an infinite company of ſmall Boxes or Bladders of Air, which 
isa ſubſtance of a ſpringy nature, and that will ſuffer a conſiderable con- 
denfation (as I have ſeveral times found by divers trials, by which I have 
moſt evidently condens'd it into leſs then a twentieth part of its uſual di- 
menſions neer the Earth, and that with no other ſtrength then that of my 
hands without any kind of forcing Engine,fuch as Racks,Leavers, Wheels, 
Pullies, or the like, but this onely by and by) and beſides, it ſeems very 
probable that thoſe very films or fides of the pores,have in them a ſpring- 
ing quality, as almoſt all other kind of Vegetable ſubſtances have, fo as 
to help to reſtore themſelves to their former — 

And could we ſo eaſily and certainly diſcover the 8chematiſme and 
Textxre even of theſe films,and of ſeveral other bodies,as we can theſe of 
Cork'; there ſeems no probable reaſon to the contrary, but that we might 
as readily render the true reaſon of all their Pheromena; as namely,what 
were the cauſe of the ſpringineſs, and toughneſs of ſome, both as to their 
flexibility and reſtitution. What, of the Fiability or brittleneſs of ſome 
others, and the like; but till ſuch time as our Aicroſcope, or ſome other 
means,cnable us to diſcover the true Schematiſm and Texture of all kinds 
of bodies, we muſt grope, as it were, in the dark, and onely ghels at the 
true reaſons of things by ſimilitudes and compariſons. 

But, to return to our Obſervation. I told ſeveral lines of theſe 
pores, and found that there were uſually about threeſcore of theſe ſmall 
Cells placed end-ways in the eighteenth part of an Inch in length, whence 
I concluded there \muſt be neer eleven hundred of them, or ſomewhat 
more then a thouſand in the length of an Inch, and therefore in a ſquare 
Inch above a Million, or 1166400. and in a Cubick Inch,above twelve 
hundred Millions, or 12597 12000. a thing almoſt incredible, did not our 
Microſcope aſlure us of it by ocular demonſtration z nay, did it not diſco- 
verto us the pores of a body, which were they diaphragm d,like thoſe of 
Cork, would afford us in one Cubick Inch, more then ten times as many 
little Cells, as is evident in ſeveral charr'd Vegetables; ſo prodigiouſly 
curious are the works of Nature, that even theſe conſpicuous pores of 
bodies, which ſeem to be the channels or pipes through which the Swccxs 
z#xtritizs, or natural . juices of Vegetables are convey d, and ſeem to cor- 
reſpond to the veins, arteries and other Veſlels in ſen{ible creatures, that 
theſe pores I fay, which ſeem to be the Veſlels of nutrition to the vaſteſt 
body in the World, are yet ſo exceeding ſmall, that the Atoms which Epi- 
eurws fancy'd would go neer to prove too bigg to enter them, much more 
to conſtitute a fluid body in them. And how iokely imaller then muſt be 
the Velſlels ofa Mite, or the pores of one of theſe little Vegetables I have 
diſcovered to grow on the back-fide of a Roſe-leaf, and ſhall anon more 
fully deſcribe, whoſe bulk is many millions of times leſs then the bulk of 
the ſmall ſhrub it grows on; and even that ſhrub, many millions of times 
leſs in bulk then ſeveral trees (that have heretofore grown in England, 
and are this day flouriſhing in other hotter Climates, as we are very cre- 
dibly inform'd)) if at leaſt the pores of this ſmall Vegetable ſhould keep 
any ſuch proportion to the body of it, as we have found theſe pores 
of 
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of other Vegetables todo to their bulk; But of theſe pores Thave ſaid 
more elſewhere. | 1711 4 

To proceed'then, Cork ſeems to be' by the trankverſs conſtittition of 
the pores, a:kind of Fuzgas or Muſhrome, for thepores lic like! ſo many 
Rays tending from the center, orpith of the tree, outwards;z.16 that If 
you cut oft a piece from a board of Cork tranfvertly, to the flat of it} 
you will, as it were, ſplit the pores,.and they will appear juſt as:they are 
expreſs d in the Figure 'B of the X1. Scheme. (But it you ſhave off a 
very thin piece from this board, parallel to the plain of it, you willicut 
all the pores tranſverſly, and they will appear almoſt as they are exprefs'd 
in the Figute A, fave onely the folid. I-terſtitia; will not appear fo thick 
as they are there repreſented. af 47 21 THne 

So that Cork ſeems to ſuck its nouriſhment from the ſubjacent bark of 
the Tree immediately, and to be a kind of excreſcence, or a ſubſtance 
diſtinct from the ſubſtances of the entire Tree, ſomething} axalogxs to 
the Muſhrome, or Moſs on other Trees, or to the hairs on Animals. And 
having enquird into the Hiſtory of Cork, I find it reckoned as an 
excreſcency of the bark of a certain Tree, which is diſtinCt from the two 
barks that lie within it, which are common alſo to other trees; That tis 
ſome time before the Cork that covers the young and tender ſprouts 
comes to be diſcernable; That it cracks,tlaws,and cleaves into many great 
chaps, the bark underneath remaining entire 3 That it may be ſeparated 
and remov'd from the Tree, and yet the-two under-barks ({ach as are 
alſo common to that with other Trees) not at-all injur'd, but.rather 
helped and freed from an external injury. Thus Jonſtorns in Dexdrologia, 
ſpeaking de Subere, ſays, Arbor eſt procera, Lignum eſt robuſtune, dempto - 
cortice in aquis non fluitat, Cortice in orbem detrato juvatur, craſceſcens 
enimpraſtringit &* ſtrangulat, intra trienninm iterum repletur : Cantlex ubi 
adoleſcit craſſus, cortex _u_ denſus carnoſus,duos digitos craſſus, ſcaber, 
rimoſus, E* qui niſt detrahatur dehiſcit, alioque ſubnaſcente expellitur, inte- 
rior qui ſubeſ# novellus ita rubet ut arbor minio piGa videatur, Which 
Hiſtories,if well confider'd, and the tree, ſubſtance, and manner of grow- 
ing, if well examin'd, would, Iam very apt to believe, much confirm this 
my conjetture about the origination of Cork. 

Nor is this kind of Texture peculiar to Cork onely.; for upon exami- 
nation with my Aficroſcope, I have found that the pith of an Elder, or al- 
moſt any other Tree, the inner pulp or pith of: the'Cany hollow. ſtalks of 
ſeveral other Vegetables: -as of Fenne], Carrets, Daucus, Bur-docks, 
Teaſels, Featn, ſome kinds of Reeds, &c. have much ſuch a kind of 
Schematiſme, as I have lately ſhewn that of Cork, fave one]yithat here 
the pores are rang'd the long-ways, or the fame ways with the length of 
the Cane,whereas in Cork they are tranſverſe. ; . 

The pith alſo that fills that part of the ſtalk of a Feather that is above 
the Quyl, has much ſuch a' kind of texture, fave onely that which way ſo- 
ever ] {et this light ſubſtance, the pores ſeem'd_ to be cut tranſverlly;, ifs 
that I gheſs this pith which fills the Feather, not to confiſt of abundance 
of long pores ſeparated with Diaphragms, - Cork does, bit to be a _ 
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of ſolid or hardned froth,or a cengeries of very ſmall bubbles conſolidated 
in that form, into a pretty ſtiffas well as tough concrete,and that each Ca- 
vern, Bubble, or Gen, 1s diſtin&ly ſeparate from any of the reſt; without 
any kind of hole in the encom fling films, ſo that I could no more blow 
through apiece of this kinde of ſubſtance;then I could through a piece of 
Cork, or the found pith of an Elder. 

But though I could not with ry gk ſt nor with my breath, nor 
any other way I have yet try'd, diſcover a paſſage out of one of thoſe 
cavities into another, yet I cannot thence conclude, that therefore there 
are none ſuch, by which the Swccws nutritivs,'or appropriate juices of Ve- 
getables, may paſs through them; for, in ſeveral of thoſe Vegetables, 
whil'ſt green, T have with my Afcroſcope, plainly enough diſcover'd theſe 
Cells or Poles fill'd with juices, and by degrees ſweating them out : as I 
have alſo obſerved in green Wood all thoſe long Afcroſcopical pores 
which appear in Charcoal perfectly empty of any thing but Air. 

Now, though I have with great diligence fog Senws,_.oy to find whe- 
ther there be any ſuch thing in thoſe Afcroſcopical pores of Wood or 
Piths, as the Yalves in the heart, veins, and other paſlages of Animals,that 
open 'and give paſlage to the contain'd fluid juices one way, and ſhut 
themſclves,and impede the paſlage of ſuch liquors back again,yet have I 
not hitherto been able to ſay any thing poſitive in itz though,me thinks, 
it ſeems very probable,that Nature has in theſe paſſages,as well as in thoſe 
of Animal bodies,very many appropriated Inſtruments and contrivances, 
whereby to bring her deſigns and end to paſs, which 'tis not improbable, 
but that ſome diligent Obſerver, if help'd with better Microſcopes, may 
i time detect. 

And that this may be fo, ſeems with great probability to be argued 
from the ſtrange Phenomena of ſenſitive Plants, wherein Nature ſeems 
to perform feveral Animal ations with the ſame $chematiſm or Orginiz.a- 
#ion that is common to all Vegetables, as may appear by ſome no leſs 
inſtruftive then curious Obſervations that were made by divers Emi- 
nent Members of the Royal Society on ſome of thele kind of Plants,where- 
of an account was delivered in tothem by the moſt Ingenious and Excel- 
lent Phyſician, Door Clark, which, having that liberty granted me by 
that moſt Iluſtrious Society, I have hereunto adjoyn'd. 


Obſervations on the Humble and Senfible Plants in M* Chiffin's 
Garden in Saint James's Park, made Auguſt the 9% 1661, 
Preſent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins, 
Mr. Evelin, Dr. Henſhaw, and Dr. Clark, 


 Thereare four Plants, two of which are lirtle ſhrub Planes, 
with a little ſhort ſtock, about an Inch above the ground, from 
whence are ſpread ſeveral ſticky branches, round, ſtreight, and 
{mooth., 
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ſmooth in the diſtances between rhe Sprouts, bur juſt under the 
Sprouts there are two ſharp thorny prickles, / broad-in the ler- 
ting on, as in the Bramble, one juſt under the ny vleocher 
on the oppoſite fide of the branch, 

The diſtances betwixt the Sprouts are aſtally fomerhing | os 
more then an Inch, and many upon a Branch; according to its x ] 
length, and chey grew ſo, that if the lower Sprour be on thelefr 
fide of the Branch, the next above is on the right, and loro the 
end, not ſprouting by pairs. 

At theend of each Sprout are generally four forign7a Two at 
the Extremity, and one on each fide, juſt under ic. ' Ar the firſt 
ſprouting of theſe from the Branch tothe Sprig where the leaves 
grow, they are full of lictle ſhort white hairs, which wear off as 
the leaves grow, and then they are ſmocth as the Branch, '' 

Uyon each of theſe ſprigs, are, for the moſt parr, eleven pair 
of leaves, neatly ſet into the uppermoſt part of the little Iprig, 

1 ly one againſt another, as it were in little articulations, ſuch 

| "as Anatomiſts call Enarthroſis, where the round head of a/Bone * 
| is receivedinto another fitted for its motion ; and ſtanding very 
ficly ro ſhut themſelves and touch, the pairs juſt above! chem 
clofing ſomewhat upon them, as in the ſhut fprig ;' ſo is rhe 
little round Peduncules of this leaf fitted into a lirtle cavity of 
the ſprig, viſible to the eye in a ſprig new pluck'd, or in a fprig 
withered on the Branch, from which the leaves eaſily fall by 
touching, 

The leaf being almoſt an oblong ſquare, and ſer into the Pex 
dunculus, at one of the lower corners, receiveth from that not 
onely a Spine, as I may call it, which, paſling through the' leaf, 
divides it ſo length-ways that the outer-fide is broader-then the 
inner next the ſprig, but little fibres paſſing obliquely towards 
the oppoſite broader fide, ſeem to make it here a little muſcular, 
and fitted to move the whole leaf, which, together with! the 


whole ſprig, are ſer full with Tictle ſhore whitiſh hairs, 
One 
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One of theſe Plants, whoſe branch ſeem'd to-be older and 
.more'grown then the other, onely the tender Sprouts'of it, after 
the leaves are ſhut, fall and hang down ; of the other, the whole 
branches fall to the ground, if the Sun ſhine very warm,upen the 
firſt taking off the Glaſs, which I therefore call the humble Plant. 

The other two, which do never fall, nor. do any of their 
branches flagg and hang down, ſhut not their leaves, but upon 
ſomewhat a hard ſtroke ; the ſtalks ſeem to grow up from a root, 
and appear more herbaceous, they are round and ſmooth, without 
any prickle, the Sprouts from them have ſeveral pairs of ſprigs, 
with much leſs leaves then the other on them, and have on 
each ſprig generally ſeventeen pair, 

Upon touching any of the ſprigs with leaves on, all the leaves 
on that ſprig contrafing themſelves by pairs, joyned their up- 
per ſuperficies cloſe together. 

Upon the dropping a drop of Aqua fortis on the fprig be- 
ewixt the leaves, f f all the leaves above ſhut preſently, thoſe 
below by pairs ſucceflively after, and by the lower leaves of the 
other branches, /}, kk, &c. and ſo every pair ſucceflively, 
with ſome little diſtance of time betwixt,to the top of each ſprig, 
and ſo they continu'd ſhut all the time we were there. But 1 re- 
turning the next day, and ſeveral days fince,found all the leaves 
dilated again on two of the ſprigs ; but from f f, where the Agua 
fortis had dropped upwards, dead and withered ; but thoſe be- 
low on the fame ſprig, green, and clofing upon the touch, and 
are {o at this day, Auguſt 14. 

With a pair of Sciffers, as ſuddenly as it could be done, one 
of the leaves b b was clipped off in the middle,upon which that 
pair, and the pair above, cloſed preſently, after a little interval, 
d d, then e e, and fo the reſt of the pairs, to the bottom of the 
{prig, and then the motion began in the lower pairs, / [, on the 
other ſprigs, and-ſo ſhut them by pairs upwards, though not 

with ſuch diſtin diſtances, 
Under 
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| Under a pretty large branch with irs ſprigs on, there lying 
a large Shell betwixt two and three Inches below it, there was 
rubbed on a ſtrong ſented oyl, after a little rinve all tlie leaves on 
that ſprig were ſhut, and ſo they continued all rhe time bf our 
ſtay there, but at my recurne the next day, 1 found the poſition 
of An Shell alcer'd, and the leaves expanded as before, and 
clofing upon the rouch, 

Upon the applicarion of the Sun-beams by 4 Burning-elafs, 
the more humble Plant fell, the other ſhut their leaves. © 

We could not ſo apply the ſnioak of Sulpher, as to haveany 
viſible effe& from that, at two or tliree rimes trial ; bur on ano- 
ther trial.the ſmoak couching the leaves, ir ſucceeded, 

The humble Plant fell upon taking, off the Glaſs wherewith ir 
was covered. | 

Cutting off one of the little Sprouts, two of tliree drops of 11 
quor were thruſt out of the part from whence that was cut,very 
cleer, and pellucid, of 4 bright gteeniſh colour, raſting ar firſt 4 
little bitteriſh, but after leaving a licoriſh-like caſte in my mouth: 

Since, going two or three times when 1t was cold, I rook the 
Glaſſes from che more humble Plant.and it did not fall as former- 
ly, but ſhur its leaves onely. But coming afterwards, whien the 
Sun ſhone very warm, as ſoon as it was taken off it fell as 
before. 

Since 1 pluck'd off another ſprig, whoſe leayes were all ſhut; 
and had been ſo fome time, thinking to obſerve the liquor 
ſhould come from that I had broken off, bur finding none, 
though with preſling,to come, 1, as dexteronſly 1s I could, pull'd 
off one whole leaves were expanded, and then had upon the ſhur.- 
ting of the leaves, a little of the mention'd liquor, from the end 
of the fprig I had broken from the Plant. And this twice ſuc- 
ceſlively, as often almoſt as I durſt rob the Plant. 

But my curioſity carrying me yer further, 1 cut off one of 
the harder branches of the ſtronger Plant, and there came of the 


liquor, 
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liquor, both from that I had cut, and that I had cut it from, 
without preſſure. 

Which made me think, that the motion of this Plant upon 
touching, might be from this, that there being a conſtant inter- 
courſe betwixt every part of this Plant and its root,either by a cir- 
culation of this liquor,or a conſtant prefſling of the ſubtiler parts 
of it to every extremity of the Plant. Upon every preſſure,from 
whatſoever it proceeds, greater then that which keeps it up, the 
ſubtile parts of this liquor are thruſt downwards, towards its ar- 
ticulations of the leaves, where, not having room preſently to get 
into the ſprig,the little round pedunculus, from whence the Spine 
and thoſe oblique Fibres I mention'd riſe, being dilated, the 
Spine and Fibres (being continued from ith muſt be contrated 
and ſhortned, and ſodraw the leaf upwards to joyn with its fel- 
low in the ſame condition with it ſelf, where, being cloſed, they 
are held together by the implications of the lictle whitiſh hair, as 
well as by the ſtill retreating liquor, which diſtending the Fibres 
that are continued lower to the branch and root, ſhorten them 
above ; and when the-liquor is ſo much forced from the Sprout, 
whoſe Fibres are yet tender, and not able to ſupport themlelves, 
but by that tetiſneſs which the liquor filling their interſtices gives 
them, the Sprout hangs and flags. 

But, perhaps, he that had the ability and leiſure togive you 
the exa& Anatomy of this pretty Plant, to ſhew you its Fibres, 
and vifible Canales, through which this fine liquor circulateth, 
or is moved, and had the faculty of better and more copiouſly 
expreſſing his Obſervations and conceptions, ſuch a one would 
eaſily from the motion of this liquor, folve all the Phenomena, 
and would not fear to affirm, that it is no obſcure ſenſation this 
Plant hath, But I have ſaid roo much, 1 humbly ſubmit, and am 
ready to ſtand correged, 


I have not we made ſo full and ſatisfactory Obſervations as I defire on 
this Plant, which ſeems to be a Subje& that will afford abundance of 
information. 
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information. But as farr as I have had opportunity to examine it,l have 
diſcovered with my Aficroſcope very curious {truftures and contrivancess 
but defigning much more accurate examinations and trials,both with my 
Mtcroſcope, and otherwile, as ſoon as the ſeaſon will permit, I ſhall not till 
then add any thing of what I have already taken notice of; but as farr as 
I have yet © ervdy judge the motion of it to-proceed from cauſes very 
difiering from thoſe by which Gut-ſtrings,or Lute-ſtrings,the beard of a 
wilde Oat, or the beard of the Seeds of Geranium, Moſcatum, or Musk- 
grafſf and other of kinds of Cranes-bil/,move themſelves. Of which I ſhall 
add more in the ſubſcquent Obſervations on thoſe bodies; 
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Obſerv. XIX. Of a Plant growing in the blighted or yellow ſpecks 
of Damask-roſe-leaves, Bramble-leaves, and ſome other kind 
of leaves. 


] Have for ſeveral years together, in the Moneths of Jrme, July, Auguſt, 

and September (when any of the green leaves of Roſes begin to dry and 
prow yellow) obſerv'd many of them, eſpecially the leaves of the old 
ſhrubs of Damask-Roſes, all beſpecked with yellow ſtains, and the under- 
ſides juſt againſt them, to have little yellow hillocks of a gunimious ſub- 
ſtance, and ſeveral of them to have {mall black ſpots in the midſt of thoſe 
yellow ones, which, to the naked eye, appear'd no bigger then the point 
of a Pin, or the ſmalleſt black ſpot or tittle of Ink one is able to make 
with a very ſharp pointed Pen. 

Examining theſe with a Aicroſcope, I was able plainly to diſtinguith,up 
and down the ſurface, ſeveral ſmall yellow knobs, ofa kind of yellowiſh 
red gummy ſubſtance, out of which I perceiv'd there ſprung multitudes 
of little caſes or black bodies like Seed-cods, and thoſe of thetn that 
were quite without the hillock of Gumm, diſclos'd themſelves to grow 
out of it with a ſmall Straw-colour'd and tranſparent ſtem, the which 
ſeed and ſtem appear'd very like thoſe of common Moſs (which I elſe- 
where deſcribe) but that they were abundantly leſs, many hundreds of 
them being not able to equalize one ſingle ſeed Cod of Moſs. 

I have often doubted whether they were the ſeed Cods of ſome little 
Plant, or ſome kind of ſmall Buds, or the Eggs of ſonie very ſmall Inſect; 
they appear'd of a dark browniſh red, ſome almoſt _ black, and of a 
Figure much reſembling the ſeed-cod of Moſs, but their ſtalks on whichi 
they grew were of a very fine tranſparent ſubſtance, almoſt like the ſtalk 
of mould, but that they ſeetn'd ſomewhat more yellow. | 

That which makes me to ſuppoſe them to be Vegetables, is for that 
perceiv'd many of thoſe hillocks bare or deſtitute; as it thoſe bodies lay 
yet conceal'd,as G. Inothers of them,they were juſt ſpringing out of their 
gutnmy hillocks, which all ſeem'd to ſhoot dire&tly outwards, as at A. In 
others, asat B, I found them juſt gotten a as very little or no _— 
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and the Cods of an indifferent cize:but in others,as C,I found them begin 
to have little ſhort ſtalks, or ſtems; in others, as D, thoſe ſtems were 

rown bigger, and larger z and in others, as at E, F, H, I, K, L, &«. thoſe 
ſlems and Cods were grown a great deal bigger, and the ſtalks were 
more bulky about the root, and very much taper'd towards the top, as 
at F and L is moſt viſible. 

I did not find that any of them had any ſeed in them, or that any of 
them were hollow, but as they grew bigger and bigger, I found thoſe 
heads or Cods begin to turn their tops towards their roots, in the ſame 
manner as I had obſerv'd that of Moſs to do; fo that in all likelihood, 
Nature did intend in that poſture, what ſhe does in the like ſeed-cods of 
greater bulk, that is, that the ſeed, when ripe, ſhould be ſhaken out and 
diſperſed at the end of it, as we find in Columbine Cods, and the like. 

The whole Qval OOOO in the ſecond Figure of the 12. Scheme 
repreſents a ſmall part of a Roſe leaf, about the bigneſs of the little Oval 
in the hillock, C, marked with the Figure X. in which I have not par- 
ticularly obſerv'd all the other forms of the ſurface of the Roſe-leaf, as 
being little to my preſent purpoſe. 

Now, if theſe Cods have a ſeed in them ſo proportion'd to the Cod, as 
thoſe of Pixks, and Carnations, and Columbines, and the like, how unima- 
ginably ſmall muſt each of thoſe ſeeds neceſlarily be, for the whole 
length of one of the largeſt of thoſe Cods was not ;z; part of an Inch 
ſame not above ;; , and therefore certainly, very many thouſand of 
them would be unable to make a bulk that ſhould be viſible to the naked 
eye; and if each of theſe contain the Rudiments of a young Plant of the 
ſame kind, what muſt we ſay of the pores and conſtituent parts of that ? 

The generation of this Plant ſeems in part,aſcribable to a kind of Xil- 
dew or Blight,whereby the parts of the leaves grow ſcabby, or putrify'd, 
as it were, fo as that the moiſture breaks out in little ſcabs or ſpots, which 
as I ſaid before, look like little knobs of a red gummous ſubſtance. 

| From this putrify'd ſcabb breaks out this little Vegetable z which may 
be ſomewhat like a 4/ould or eff; and may have its equivocal genera- 
tion much after the ſame manner as I have ſuppoſed Aſs or Mould to 
have, and to be a more ſimple and uncompounded kind of vegetation, 
which is ſet a moving by the putrifaFive and farwentative heat, joyn'd 
with that of the ambient aerial, when (by the putrifaCtion and decay of 
ſome other parts of the vegetable, that for a while ſtaid its progreſs) it is 
unfetter'd and left at liberty to move in its former caurſe, [5 a reaſon 
of its regulators. moves and aCts after quite another manner then it did 
when 7 om in the more — machine of the more perfect 
Vegetable. 

And frdm this very ſame Principle, I imagine the Xſleto of Oaks, 
Thorns, Appletrees, and other Trees, to have its original : It ſeldom or 
never grawing 0n any of thoſe Trees,til] they begin to wax decrepid,and 
decay with age, and are peſter'd with many other infirmities. 

Hiher alſo may be referr'd thoſe multitudes and varieties of Muſbroms, 
ſuch as that,call'd Jews-ears, all ſoxts of gray and greex Moles, &c. wh 
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infeſt all. kind of Trees,ſhrubs,and the like,eſpecially when they come to 
any bighels. . And this we ſee to be very much the method of Nature 
throughout its operations, putrifadtive Vegetables very often producing a 
Vegetable ofa much leſs compounded nature, and of a much inferiour 
tribe ; and prtrefattive animal ſubſtances degenerating into ſome kind of 
animal production of a much inferiour rank,and of a more ſimple nature. 

Thus we find the humours and ſubſtances of the body,upon patrifatti- 
02,to produce ſtrange kinds of moving Vermine: the pntrifa#ion of the 
flimes and juices of the Stomack and Guts, produce Worms almoſt like 
Earth-worms,the Wheals in childrens hands produce a little Worm.,call'd 
a Wheal-worm : The bloud and milk, and other humours, produce other 
kinds of Worms, atleaſt, if we may believe what is dehver'd. to.us by -.. 
very famous Authors; though, I confeſs, I have not yet been able to dif- 
cover ſuch my ſelf. 

And whereas it may ſeem ſtrange that Vinegar, Meal, muſty Casks , &c. 
are obſerv'd to breed their diftering kinds of Inſects, or living creatures, 
whereas they being Vegetable ſubſtances, ſeem to b= of an inferiour kind, 
and fo unable to produce a creature more noble, or of a more com- 
pounded nature then they themſelves are of, and fo without ſome con- 
current ſeminal principle, may be thought utterly unfit for ſuch an ope+- 
ration; I muſt add, that we- cannot preſently poſitively ſay, there are 
no animal ſubſtances, either mediately, as by the ſoil or fatning of the 
Plant from whence they ſprung,or more immediately,by thereal mixture 
or compolition of ſuch ſubſtances, join'd with thetn 3 or perchance ſome 
kind of Inſect, in ſuch places where fuch kind of putrifying or ferment- 
ing bodies are, may, by a certain inſtinct of nature, cject ſome ſort. of {e- 
minal principle, which cooperating wirh various kinds of patrifyine ſub- 
ſtances, may produce various kinds of Inſe&s,or Animate bodies; For we 
find in moſt ſorts of thoſe lower degrees. of Animate bodies, that the 
pxtrifying ſubſtances on which theſe Eggs, Seeds, or ſeminal principles 
are caſt by the Inſe&, become, as it were, the Matrices or Wombs:that 
conduce very much to their generation, and may perchance alſo to their 
variation and alteration, much after the ſame manner. as, by ſtrange and 
unnatural copulations, ſeveral new kinds of Animals are produc'd, as 
Mules, and the like, which are uſually call'd Monſtrous, becauſe a little 
unuſual, though many of them have all their principal parts as perfeCt! 
ſhap'd and —— for their peculiar uſes, as any of the moſt pertc 
Animals. If therefore the putrifying body,on which any kind of ſeminal 
ox vital principle chances tobe caſt. become ſomewhat more then meer- 
ly a nurſing and foſtering helper in the generation and produftion of 
any kind of Animate body, the more neer it approaches the true nature 
of a Womb, the more power will it have onthe by-blow ir incloſes. But 
of this ſomewhat more in the deſcription of the Water-gnat, Perhaps 
ſome more accurate Enquiries and Obſervatians about theſe matters 
might bring the Queſtion to ſome certainty, which would be of no ſmall 

"*concern in Natural Philoſophy. Þ 

But that ptrifying animal ſubſtances may produce animals of an inferior 
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kind, I ſee not any ſo very great a difficulty, but that one may, without 
much abſurdity,admit: For-as there may be multitudes of contrivances 
that go to the making up of one compleat Animate body 3 ſo,That ſome 
of thoſe coadjutors,in the pertett exiſtence and lite of it, may be vitiated, 
and the life of the whole deſtroyed, and yet feveral of the conſtituting 
contrivances remain intire,l cannot think it beyond imaginationor poſſbi- 
lity; no more then that a like accidental proceſs,as have el{where hinted, 
may alſo be ſuppoſed to explicate the method of Nature in the Metamor- 
hoſes of Plants. And though the difference between a Plant and an Ani- 
mal be very great, yet I have not hitherto met with any fo cogert an Ar- 
gument, as to make me poſitive in affirming theſe two to be altogether 
Heterogeneons,and of quite differing kinds of Nature: And befſides,as there 
are many Zoophyts, and ſenſitive Plants(divers of whichT have ſeen,which 
are ofa middle nature,and ſeem to be Natures tranſition from one degree 
to another, which may be obſerv'd inal] her other paſſages, wherein ſhe 
is very ſeldom obſervd to leap from one ſtep to another) ſo have we,in 
ſome Authors, Inſtances of Plants turning into Animals, and Animals into 
Plants, and the like; and ſome other very ſtrange (becauſe unheeded) 
proceedings of Nature; ſomething of which kind may be met with, in 
the deſcription of the Water-Gnat, though it be not altogether ſo direct 
to the preſent purpoſe. . 

But to refer this Diſcourſe of Animals to their proper places, I ſhall 
add, that though one ſhould ſuppoſe, or it ſhould be prov'd by Obſerva- 
tions, that ſeveral of theſe kinds of Plants are accidentally 9xm_g by a 
caſual putrifa@ion, I ſec not any great reaſon to queſtion, but that, not- 
withſtanding its own production was as 'twere caſual, yet it may germi- 
nate and produce ſeed, and by it propagate its own, that is,a new Species. 
For we do not know, but that the Omnipotent and All-wiſe Creator 
might as direQtly defign the ſtructure of ſuch a Vegetable, or ſuch an 
Animal to be produc'd out of ſuch or fuch a pxtrifa@ion or change of 
' this or that body, towards the conſtitution or ſtructure of which, he 
knew it neceſlary, or thought it fit to make it an ingredient; as that the 
digeſtion or moderate heating of an Egg, either by the Female, or the 
Sun, or the heat of the Fire, or the like, ſhould produce this or that Bird ; 
or that PutrifaFive and warm ſteams ſhould,out of the blowings,as they 
call them, that is, the Eggs of a Flie, produce a livin Magot, and that,by 
degrees, be turn'd into an Awrelia, and that, by a longer and a propor- 
tion'd heat, be traxfmruted into a Fly. Norneed we therefore to ſuppoſe 
it the more imperſe@ inits kind, then the more compounded Vegetable 
or Animal of which it is a part; for he might. as compleatly furniſh it 
with all kinds of contrivances neceflary for its own exiſtence, and the 
propagation of its own Species, and yet make it a part of a more com- 
pounded _ as a'Clock-maker might make a Set of Chimes to be a 
part ofa Clock, and yet, when the watch part orſtriking part are taken 
away, and the hindrances of its motion remov'd, this chiming part 
may go as accurately, and ſtrike its tune as cxattly, as if it were ſtill a 
partof the compounded Amtowaten. So. though the original yy; x 
emina 
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ferinabprinciple from which this mimite/Ptant ov Roſe leaves did' ſpringy 
were; beforÞrhe corruption caus'd by the Mill-dew, a componint- pare! 
of the leaf on which it grew, and did ſepve as a coagext inthe procyueti-: 
68 and conftirution of it, yet might it beſo conſummate, as to prodnce a) 
ſeed which might have a power of propagating the ſame ſpecies:ttioworksy 
ofthe Creatorſteming of fuch an excellency,that though they. are-unabls 
to help tothe perfeCting of the more compounded exiſtericeof the greater 
Ptant or Animal,they may have notwithſtanding an ability of ating fmghy 
por their own- internal principle, fo as to produce'a Vegetable becky; 
though of altſs compounded nature, and to proceed fo farr iti the me- 
thod of othey Vegetables, as to bear flowers and ſeeds, which may be oa- 
pabale of propagating the like. So that the little cafes which appear te 
grow on the"top of the ſlender ſtalks, may, for oughr Iknow, thouph 
ſhould fuppoſe them to ſpring from the perverting of the uſual curſe of 
the parent Vegetable, contain a feed, which, being ſcatter'd on other 
leaves of the ſame Plant, may produce a Plant of much the fame kad. 

' | Nor are Damaſk-Roſe leaves the onely leaves' that produce theſe 
kinds of Vegetable ſproutings; for I have obſerv'd themalſoin ſevera 
other kinds of Roſe leaves, and on the leaves of ſeveral forts of Brier, 
and on Bramble leaves they are oftentimes to be found in yery'great 
ehiſters:; 1d that I have found in one cluſter,three, four, ot five hundred of 
them, making a very conſpicuous black pot or feab on the back fide of 
the leaf. | 
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Obſerv. X X. Of blue Mould, and of the firſt Principles of Ves 
getation ariſing from PutrefaQion. 


He Blue and White and ſeveral kinds of hairy mouldy ſpots; which 

are obſervable upon divers kinds of purify Jbodies, whether Ani- 

mal ſubſtances,or Vegetable,ſuch as the ſkin, raw or dreſs'd, fleſh,bloud, 
humours, milk, green Cheeſe, ec. or rotten ſappy Wood, or Herbs, 
Leaves, Barks, Roots, &c, of Plants, are all of them nothing elſe but ſe+ 
veral kinds of ſmall and varioufly figur'd Muſhroms, which, from cohve- 
nient materials in thoſe putrifying bodies, are, by the concurrent hear of 
the Air, excited to a certain kind of vegetation, which will not be un- 
worthy our more ſerious ſpeculation and examination, as I ſhall by and 
by ſhew. Burt, firſt, I muſt premiſe a ſhort deſcription of this Sperimer, 
which I have added of this Tribe, in the firſt Figure of the X I. 8cheme, 
which 1s nom_y elſe but the appearance of a imall white ſpot of hairy 
mould,multitudes of which I found to beſpeck & whiten over the red eo- 
vers of a {mall book, which, it ſeems, were of Sheeps-fkin,that being more 
apt to gather mould, evenin a dry and clean room, then other leathers, 
Theſe ſpots appear'd,through a good Afrcroſcope,to be a very pretty fhap'd 
Vegetative body, which, from almoſt the ſame part of the Leather, ſhot 
| out 
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out multitudes of ſmall long cylindrical and tranſparent ſtalks,not exat- 
ly ſtreight,but a little bended with the weight of a round and white knob 
to grew on the top of each of them; many of theſe knobs I obſerv'd. 
to be 'very round, and of a ſmooth ſurface, ſuch as A A, &c. others 
ſmooth likewiſe,but a little oblong,as B; ſeveral of thema little broken, 
or cloven with chops at the top, as C; others flitter'd as 'twere, or flown. 
all to pieces, as D D. The whole ſubſtance of theſe pretty bodies was 
ofa very tender conſtitution, much like the ſubſtance of the ſofter kind, 
of common white Muſhroms, for by touching them with a Pin, I found. 
them to be bruſed and torn; they ſeem'd each of them to have a di- 
ſtin& root of their own ; for though they grew neer together in a cluſter, 
yet I could perceive each ſtem to riſe out of a diſtinct part or pore of the 
Leather; ſome of theſe were ſmall and ſhort, as ſeeming to have been but 
newly ſprung up, of theſe the balls were for the moſt part round, others 
were bigger,and taller,as being perhaps of a —_ growth,and of theſe, 
for the moſt part, the heads were broken, and ſome much waſted, asE ; 
what theſe heads contain'd I could not perceive ; whether they were 
knobs and flowers, or ſeed caſes, I am not able-to fay, but they ſeem'd 
moſt likely to be of the ſame nature with thoſe that grow on Muſhroms, 
which they did, ſome of them, not alittle reſemble. 

Both their ſmell and taſte, which are aCtive enough to make a ſenſible 
impreſſion upon thoſe organs, are unpleaſant and noiſome. 

I could not find that they would ſo quickly be deſtroy'd by the aCtual 
flame of a Candle, as at firſt fight of them I conceived they would be,but 
they remain'd intire after I had paſt that = of the Leather on which 
they ſtuck three or four times through the tlame of a Candle: fo that, it 
ſeems they are not very apt to take fire, no more then the common white 
Muſhroms are when they are ſappy. | 

There are a multitude of other ſhapes, of which theſe AMoroſcopical 
Muſhroms are figur'd, which would have been a long Work to have de- 
{cribed,and would not have ſuited ſo well with my deſign in this Treatiſe, 
onely,amongſt the reſt, I muſt not forget to take notice of one that was a 
little like to, or reſembled, a Spunge, conſiſting of a multitude of little 
Ramifications almoſt as that body does, which indeed ſeems to be a kind 
of Water-Muſhrom, of a very pretty texture, as I elſe-where manifeſt, 
And a ſecond, which I muſt not omit, becauſe often mingled, and neer 
adjoining to theſe I have deſcrib'd,and this appear'd much like a Thicket 
of buſhes, or brambles, very much branch'd,and extended,ſome of them, 
to I ge length, in proportion to their Diameter,like creeping brambles. 

e manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry,which, had I time,I ſhould follow : the figure 
and method of Generation in this concrete ſeeming to me, next after 
the Enquiry into the formation, figuration, or chryſtalization of Salts, to 
be the moſt ſimple, plain, and cafie; and it ſeems to be a zredinr 
through which he muſt neceſſarily paſs, that would with any likelihood. 
inveſtigate the forma informans of Vegetables : for as I think that he ſhall 
find it a very difficult taſk, who undertakes to diſcover the form of Sa- 
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line cryſtallizations, without the conſideration and preſcience of the na- 
ture and reaſon of a Globular form, and as difficult to explicate this con- 
figuration of Muſhroms, without the previous conl(ideration of the form 
of Salts; ſo will the enquiry into the torms of Vegetables be no leſs, if 
not much more difficult, without the fore-knowledge of the forms of 
Muſhroms, theſe ſeveral Enquiries having no leſs dependance one up- 
on another then any ſele& number of Propoſitions in Mathematical Ele- 
ments may be made to have. 

Nor dol imagine that the _ from the one to another will be found 
very great, it beginning fgom fluidity, or body without any form, we' 
deſcend gradually,till w&arrive at the higheſt torm of a bruite Animal's 
Soul, me the ſteps or foundations of our Enquiry, Fluidity, Orbict- 
lation, Fixation, Angulization, or Cryſtallization Germination or Ebulli- 
tion, Vegetation,Plantanimation, Animation, Senjation, Imagination, 

Now, that we may the better proceed in our Enquiry, It will be re- 
quiſite to conſider : 

Firſt, that Mould and Muſhroms require no ſeminal property. but the 
former may be produc'd at any time from any kind of putrifying Animal, 
or Vegetable Subſtance,as Fleſh,e*c. kept moiſt and warm,and the latter, 
if what Mathiolus relates be true, of making them by Art, are as much 
within our command, of which Matter take the Epitomie which Mr, 
Parkinſon has deliver'd in his Herbal, in his Chapter of Muſhroms, becauſe 
I have not Mathiolas now by me : Unto theſe Muſbroms (faith he) may 
alſo be adjoyn'd thoſe which are made of Art (whereof Mathiolus makes men- 
tion) that grow naturally among certain ſtones in Naples, and that the 
ftones being dieg'd up, and carried to Rome, and other places, where they 

ſet them in their Wine Cellars, covering them with a litthe Earth,and ſprink- 

ling a hitle warm water thereon, would within four days produce Muſhroms 
fit to be eaten, at what time oze will: As alſo that Muſhroms may be made 
to grow at the foot of a wilde Poplar Tree, within four days after, warm 
water wherein ſome leaves have > diſjobo'd ſhall be pour'd into the Root 
(which muſt be fit) and the flock above ground. 

Next, that as Muſhroms may: be generated withont feed, fo does it 
not appear that they have any ſuch thing as ſeed in any part of them; for 
having conſidered ſeveral kinds of them, I could never find any thiog irs 
them that I could with any probability ghets to be the feed of it, ſo thar 
it does not as yet appear (that I know of) that Muſhroms may be ge- 
nerated from a ſeed, but they rather ſeem to depend merely upon a con- 
venient conſtitution of the matter out of which they are made, and a 
concurrence of ether natural or artificial heat. | 

Fhirdly,that by feverat bodies (as Salts and Metals both in Water and 
m the air, and by ſeveral kinds of fublimations in the Air) actuated and 
[2g with 2 congruous heat, there may be produc'd ſeveral kinds of 

odies as curioully, if-not of a more compos'd Figure 3 ſeveral kinds of 

riſing or Ebultiatmg Figures ſeem to manifeſt 3 as witneſs the ſhooti 
in the Rettification of ſpirits of Urine, Hart-horn, Bloxd, 8c. witnets alto 
the cyflous branches of 'evaporated diflohations, forme of then = 
the 
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the ſides of the containing Jar : others ſtanding up, or growing an end, 
out of the bottom, of which I have taken notice ot a very great variety. 
But above all the reſt, it is a very pretty kind of Germination which is at- 
forded us in the Silver Tree, the manner of making which with Mercury 
and Silver, is well known tothe Chymiſts, in which there 1s an Ebullition 
or Germination, very much like this of Muſhroms, 1t-I have been rightly 
inform'd of it. 

Fourthly, I have very often taken notice of, and alſo obſerv'd with a 
Microſcope, certain excreſcencies or Ebullitions in the ſnuff of a Candle, 
which, partly from the — of the ſmoaky particles as they are car- 
ryed upwards by the current of the rarify'd Air and flame, and partly 
alſu from a kind of Germination or Ebullition of ſome aCtuated — 
parts which creep along and hilter through ſome ſmall ſtring of the Week, 
are formed into pretty round and uniform heads, very much reſembling 
the form of hooded Muſhroms, which, being by any means expos'd to the 
freſh Air, or that air which encompaſſes the flame, they are preſently 
lick'd up and devour'd by it, and vaniſh. 

The reaſon of which Phenomenon ſeems to me,to be no other then this : 

That when a convenient thread of the Week is ſo bent out by the ſides 
of the ſnuff that are about half an Inch or more, remov'd above the 
bottom,or loweſt part of the flame,and that this part be wholly included 
in the flame 3 the Oyl (for the reaſon of filtration, which I have clſe- 
where rendred) being continualy driven up the ſnuff, is driven like- 
wiſe into this ragged bended-end, and this being remov'd a good 
diſtance, as half an Inch or more, above the bottom of the flame, the 

arts of the air that paſſes by it, are already, almoſt fatiated with the dif- 
bolution of the boiling unCtuous ſteams that iſſued out below, and there- 
fore are not onely glutted, that is, can diſſolve no more then what they 
-are already ating upon, but they carry up with them abundance of 
unQuous and ſooty particles, which meeting with that rag of the Week, 
that is plentifully fill'd with Oyl, and onely ſpends it as faſt as it evapo- 
rates, and not at all by diſſolution or burning, by means of theſe ſteamy 
parts of the filterated Oyl iſſuing out at the Fes of this ragg, and being 
inclos'd with an air that 1s already fatiated and cannot prey upon them 
nor burn them, the aſcending footy particles are ſtay'd about it and fix'd, 
ſo as that about the end of that ragg or filament of the ſquff, whence the 
greateſt part of the ſteams iſſue, there is conglobated or fix'd a round 
and pretty uniform cap, much reſembling the head of a Muſhrom, which, 
if it beof any great bigneſs, you may obſerve that its underſide will be 
bigger then that which is above the ragg or ſtem of it 3 for the Oyl that is 
brought into it by MR by the bulk of the cap a little ſhelter'd 
from the heat of the flame, does by that means iſſue as much out from be- 
neath from the ſtalk or downwards, as it does upwards, and by reaſon of 
the great acceſs of the adventitious ſmoak from beneath,it increaſes moſt 
that way. Thatthis may be the true reaſon of this Phenomenos, | could 
produce many Arguments and Experiments to make it probable; As, 

Firſt, that the Fz/tration carnes the Oyl to the top of the Week,at leaſt 
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as high as theſe raggs, is viſible to one that will obſerve the nuff of a 
burning Candle with a Aficroſcope, where he may ſee an Ebullmon or 
bubbling of the Oyl, as high as the ſnuff looks black. 1B 

Next,that it does ſteam away more then burn; [ could tell you of the 
dim burning of a Candle, the _ the ſnuff be which ariſes trom the' 
abundance of vapours out of the higher parts of it. 

And, thirdly, that in the middle of the flame of the Candle, neer the 
top of the ſnuff, the fire or —_— principle is nothing neer ſo ſtrong, 
as neer the bottom and out edges of the flame, which may be obſerv'd by 
the burning aſunder of a thread, that will firſt break in thoſe parts that 
the edges of the flame touch, and not in the middle, 

And I could add ſeveral Obſervables that I have taker notice of in the 
flame ofa Lamp aCtuated with Bellows, and vety many others that con- 
firm me in my opinion, but that it is not ſo much to my preſent purpoſe, 
which is onely to confider this concreet in the ſnuff of a Candle, fofarr 
as it has any reſemblance of a Muſhrom, to the confideration of which, 
that I may return, I ſay, we may alſo obſerve : p 

In the firſt place, that the droppings or trillings of Lapideſcent waters 
in Vaults under ground,ſeem to conſtitute a kind ofpetrifyd body,form'd 
almoſt like ſome kind of Muſhroms inverted.,in ſo much that I have ſeen 
ſome knobb'd a little at the lower end, though for the moſt part, indeed 
they are otherwiſe ſhap'd,and taper'd towards the end; the generation of 
which ſeems to be from no other reaſon but this, that the water by ſoak« 
ing through the earth and Lime (for I gheſs that ſubſtance to add much 
to it petrifying quality) does fo —_—_— it ſelf with ſtony particles, 
that hanging in drops in the roof of the Vault, by reaſon that the 
ſoaking of the water is but ſlow, it becomes expos'd tothe Air, and there- 
by the outward part of the drop by degrees grows hard, by reaſon that 
the water gradually evaporating the ſtony particles neer the outfides of 
the drop begin to touch, and by degrees, to dry and grow cloſer toge-+ 
ther, and at length conſtitute a cruſt or ſhell about the drop; and thi 
ſoaking by degrees, being more and more ſupply'd, the drop .grows 
Jonger and longer, and the fides harden thicker and thicker into a 
Quill or Cane, and at length, that hollow or pith becomes almoſt ſtop'd 
up, and ſolid : afterwards the ſoaking of the petrifying water, finding no 
longer a paſſage through the middle, burſts out, and trickles down the 
outſide, and as the water evaporates, leaves new ſuperinduc'd ſhells, 
which more and more ſiyell the bulk of thoſe Iceiclesz and becauſe of 
the great ſupply from the Vault, of petrifyizg water, thoſe bodies grow 
bigger and bigger next to the Vault, and taper or ſharpen towards the 
point; for the acceſs from the arch of the Vault being but very flow,and 
conſequently the water being ſpread very thinly over the ſurface of the 
Iceicle, the water begins to ſettle before it can reach to the bottom, or 
corner end of it 3 whence, if you break one of theſe, you would almoſt 
imagine it a ſtick of Wood petrify/'d, it having fo pretty a reſemblance of 
pith and grain, and if you look on the outſide of a piece, or of one 
whole, you would think no leſs, both _ its vegetable roundneſs and 
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tapering form ; but whereas all Vegetables are obſerv'd to ſhoot and 
EIN upwards, this does ſhoot or properfd diredtly 
ownwards. | 

By which laſt Obſervables, we ſee that there may be a very pretty 
body ſhap'd and concreeted by Mechanical principles, without the leaſt 
ſhew or probability of any other ſeminal formatr:x. 

And fince we find that the great reaſon of the Phemromena of this pret- 
ty petrifa&ion, are to be reduc'd from the gravity of a fluid and pretty 
volatil body impregnated with ſtony particles, why may not the Phewo- 
mena of Ebullition or Germination be in part poſtibly enough deduc'd 
from the levity of an impregnated liquor, which therefore perpendicu- 
larly aſcending by: degrees, evaporates and leaves the more folid and 
fix'd parts behmd in the form of a Muſhrom, which is yet further diverſi- 
fy'd and ſpecificated by the forms of the parts that impregnated the li- 
quor, and compoſe or help to conſtitute the Muſhrom. 

That the foremention'd Figures of growing Salts, and the Silver Tree, 
are from this principle, I could very eafily manifeſt ; but that I have not 
now a convenient opportunity of following it, nor have I made a ſuffict- 
ent number of Experiments and Obſervations to propound, explicate,and 
prove ſo uſefull a Theory as this of Muſhroms : " ug though the con- 
trary principle to that of petrify'd Iceicles may be in part a cauſe; yet 
I cannot. but think, that there is ſomewhat a more complicated cauſe, 
though yet Mechanical, and poflible to be explain'd. 

We ” bor have further to enquire of it, what makes it to be ſuch a 
liquor, and to aſcend, whether the heat of the Sun and Air, or whe- 
ther that of firmertiation and putrifaFion, or both together ; as alſo whe- 
ther there be not a third or fourth s whether a Saline principle be not a 
conſiderable agent in this buſineſs alſo as well as heat ; whether alſo a fixa- 
tion, precipitation or ſcttling of certain parts out of the acrial Muſhrom 
may not be alſo a contlctie coadjutor in the buſmeſs. Since we find 
that many pretty beards or ſtirie of the particles of Silver may be preci- 
pitated upon a piece of Braſs put into a ſolution of Silver very much di- 
luted with fair water, which look not unlike a kind of mould or hoar 
upon that piece of metal z and the hoar froſt looks like'a kind of mould z 
and whether there may not be ſeveral others that do concurr to the pro- 
duction ofa Muſhrom, having not yet had ſufficient time to proſecute ac- 
cording to my deſires, I —_ referr thistoa better opportunity of my 
own, or leave and recommend it to the more diligent enquiry and exa- 
mination of ſuch as can be maſters both of leiſure and convemencies for 
ſuch an Enquiry. | 

And in the mean time, I muſt conclude, that asfar as I have been able 
to look into the nature of this Primary kind of life and vegetation, I can- 
not find the leaſt probable argument to perſwade me there is any other 
concurrent cauſe then ſuch as is purely Mechanical, and that the effects 
or produCtions are as neceſlary upon the concurrence. of thoſe cauſes as 
that a Ship, when the Sails are hoiſt up, and the Rudder is ſet to ſucha 
poſition,ſhould,when the Wind blows, be mov'd in ſuch a way or courſe 
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to that or t'other place z Or, as that the bruſed Watch, which I men- 
tion in the deſcription of Moſs, ſhould, when thoſe parts which hindred 
its motion were fallen away, begin to move, but after quite anothet man- 
ner then it did betore. 


Obſerv. XX 1. Of Mols, and ſeveral other ſmall vegetative Sub- 
ſtances. 


Of is a Plant, that the wiſcſt of Kings thought neither unworthy 
his ſpeculation, nor his Pen, and though among(t Plants it be in 
bulk one of the ſmalleſt, yet it is not the leaſt confiderable : For, as to its 
ſhape, it may compare for the beauty of it with any Plant that grows, 
and bears a much bigger breadth; it has a root almoſt like a ſeedy Parſ- 
nep, furniſh'd with ſmall ſtrings and ſuckers, which are all of them finel 
branch'd, hike thoſe of the roots of much bigger Vegetables; out of this 
ſprings the ſtem or body of the Plant, which is ſomewhat @#adrangular, 
rather then Cylizdrical, moſt curioully fluted or ſtrung with ſmall creaſes, 
+ which run,for the moſt part, para/el the whole ſtem ; on the ſides of this 
are cloſe and thick ſct, a multitude of fair, large,well-ſhap'd leaves, ſome 
of them of a rounder, cthers of a longer ſhape, aceording as they are 
ounger or older when pluck'd ; as I gheſs by this, that thoſe Plants that 
had the ſtalks growing trom the top of them, had their leaves of a much 
longer ſhape, all the ſurface of each ſide of which, is curioufly'cover'd 
with a multitude of little oblong tranſparent bodies, in the manner as 
you ſee it expreſs'd in the leaf B, in the XIII. Scheme, 

This Plant, when young and ſpringing up, does much reſemble a Houſ- 
leek, having thick leaves,almoſt like that, and ſeems to be ſomwhat of kin 
to it in other particulars; alſo from the top of the leaves, there ſhoots out 
. a ſtall white and tranſparent hair, or thorn : This ſtem, in time,come to 
ſhoot our into a long,roundand even ſtalk, which by cutting tranſverſly,; 
when dry, I manifeſtly found to be a ſtiff, hard, and hollow Cane, or 
Reed, without any kind of knot, or ſtop, from its bottcm, where the 
leaves encompals'd it, to the top, on which there grows a large ſeed caſe, 
A, cover'd with a thin, and more whitiſh ſkin, B, tertninated in a long 
thorny top, which at firſt covers all the Caſe, and by degrees, as that 
ſwells, the ſkin cleaves, and at length falls off, with its thorny top and aH 
(which is apart of it) and leaves the ſeed Caſe to ripen, and by degrees, 
to ſhatter out its ſeed at a' place underneath this cap, B, which before 
the ſeed is ripe, appears like a flat barr'd button, without any hole inthe 
middle; but as it ripens, the button grows bigger, and a hole appears ih 
the middle of it, E, out of which, in all probability, the ſeed falls: For 
asit ripens by a proviſion of Nature, that end of this Caſe turns down- 
ward after the ſame manner as the ears of Wheat and Barley uſually doz 
and opening ſeveral of theſe dry red Cafes, F, I found them to be 
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ite hollow,without any thing at all in them ; whereas when I cut them 
aſunder with a ſharp Pen-knife when green, I found in the middle of this 
great Caſe,another imaller round Caſe, between which two,the interſtices 
were fill'd with multitudes of ſtringie fibres, which ſeem'd to ſuſpend the 
leſſer Caſe in the middle of the other, which (as farr as I was able todiſ- 
cern) ſcem'd full of exceeding {mall white ſeeds, much like the ſeed-bagg 
in the knop of ® Carnation, after the flowers have been two or three 
days, or a week;,fallen off; but this I could not fo perfeftly diſcern, and 
therefore cannot poſitively affirm it. 

After the ſeed was fallen away, I found both the Caſe. Stalk,atid Plant, 
all grow red and wither, and from other _ of the root continually to 
ſpring new branches or (lips, which by degrees increaſed, and grew as 
bigg as the former, ſeeded, ripen'd, ſhatter'd, and wither'd. 

I could not find that it obſerv'd any particular ſeaſons for theſe ſeveral 
kinds of growth, but rather found it to be (pringing, mature, ripe, ſeedy, 
and wither'd at all times of the year; But I found it moſt to flouriſh and 
increaſe in warm and moiſt weather. 

It gathers its nouriſhments,tor the moſt part,out of ſome Lap:deſcerrt,or 
other ſubſtance corrupted or chang'd from its former texture, or ſub- 
ſtantial form; forI have found it to grow on the rotten parts of Stone, 
of Bricks, of Wood, of Bones, of Leather, e&c. 

It oft grows on the barks of ſeveral Trees, ſpreading it ſelf, ſometimes 
from the ground upwards, and ſometimes from ſome chink or cleft of 
the bark of the Tree, which has ſome Poe ſubſtance in-.it 3 but this 
ſeems of a diſtin& kind from that which I obſerv'd to grow on patrify'd 
inanimate bodies, and rotten earth. | 

There are alſo great varieties of other kinds of Moſſes, which grow on 
Trees, and ſeveral other Plants, of which I ſhall here make no mention, 
nor of the Moſs growing on the {kull of a dead man, which much re- 
ſembles that of Trees. 

Whether this Plant does ſometimes originally ſpring or riſe out of cor- 
ruption, without any diſſeminated ſeed, I have not yet made trials enough 
to be very much, either poſitive or negative; for as it ſeems very hard to 
conceive how the ſeed ſhould be generally diſpers'd into all parts where 
there is a corruption begun, unleſs we may rationally ſappoſe, that this 
ſeed being ſo exceeding imall,and conſequently exceeding hight,is there- 
by taken up, and carried to and fro in the Air into every place;and by 
the falling drops of rain is waſh'd down out of it, and ſo diſpers'd into all 
places, and there onely takes root and propagates, where it finds a con- 
venient ſoil or matrix forit tothrive in; fo if we will have it to proceed 
from corruption, it isnot leſs difficult to conceive, | 

Firſt, how the corruption of any Vegetable, much leſs of any Stone or 
Brick, ſhould be the Parent of fo curioufly figur'd, and ſo perfe&-a 
Plant as this is, But here indeed, I cannot but add, that it ſeems rather to 
be a produdt of the Rain in thoſe bodies where it isſtay'd, then of the 
very bodies themſelves, fince I have found it growing on Marble, and 
Flint; but always the Aficroſcope, if not the naked eye, would diſcover 
ſome little hole of Dirt in which it was rooted, Next, 
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Next,how the corruption of each of thoſe exceedingly differing bodies 
fhould all conſpire to the production of the ſame Planechat 1£,that Stones, 
Bricks, Wood, or vegetable ſubſtances, and Bones, Leather, Horns, or 
animate ſubſtances, unleſs we may with ſome plauſibleneſs fay, that Air 
and Water are the coadjutors, or menſtrunm,in all kinds of pririfattions, 
and that thereby the bodies {though whil'ſt they retain'd their ſubltan- 
tial forms, were of exceeding ditfering natures, yet)ſince they are.difloly'd 
and mixt into another, they may be very Homogentoxe, they being almoſt 
reſolv'd again into Air, Water,and Earth ; retaining,perhaps, one part of 
their vegetative faculty ye<t entire, which meeting with congruous aſ- 
ſiſtants, fuch as the hear of the Air, and the fluidity of the Water, and 
ſuch like coadjutors and conveniences, acquires a certain vegetation for 
atime, wholly differing perhaps from that kind of vegetation it' had 
before. | 

Toexplain my meaning a little better by a groſs Similitude : 

Suppoſe a curious piece of Clock-work, that had had ſeveral motions 
and contrivances in it, which, when in order. would all have mov'd in 
their defign'd methods and Periods. We will further ſuppoſe, by fome 
means, that this Clock comes to be broken, bruſed, or otherwiſe difor- 
dered, fothat ſeveral parts of it being diſlocated, are impeded, and fo 
ſtand till, and not onely hinder its own progreſſive motion, and produce 
not the effett which they were deſign'd for, but becauſe the other parts 
alſo havea dependence upon them, put a ſtop to their motion likewiſe; 
and fo the whole Inſtrument becomes unſerviceable,, and not fit for. any 
uſe. This Inſtrument afterwards, by ſome ſhaking and tumbling, and 
throwing up and down, comes to have ſeveral of its parts ſhaken out; and 
ſeveral of its curious motions, and contrivances, and particles all fallen 
aſunder 3 here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the ret, away 
falls thoſe parts alſo which were bruled and diſorder'd, and had all ths 
while impeded the motion of all the reſt; hereupon ſeveral of thoſe other 
motions that yet remain, whole ſprings were not quite run down, being 
now at liberty, begin each of them to move,thus or thus, but quite after 
another method then before, there being many regulating parts and the 
like,fallen away and loſt, Upon this, the Owner, who chances to hear 
and obſerve ſome of theſe eftefts, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock; and preſently imagines that 
ſome Artiſt has been at work, and has ſet his Clock in vie Sy and made a 
new kind of Inſtrument of it, but upon examining circumſtances,he finds 
there was no fuch matter, but that the caſual flipping out ofa Pin had 
made ſeveral parts of his Clock fall to pieces, and that thertby the ob- 
ſtacle that all this while hindred his Clock, together with other uſefull 
parts were fallen out, and ſo his Clock was ict at liberty. And upon 
winding up thoſe ſprings again when run down, he finds his Clock to 

quite after another manner theh it was wont heretofore. |! . 1: 

And thus may it be perhaps in the buſineſs of Moſs and Mowld, and 

Muſhroms, and ſeveral other ſpontaneous kinds of vegerations, which 


may 
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may be caug'd by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deſtroying 
of the life of it ſtopt and impeded 1n performing its ottice 3 but after- 
wards, upon a further corruption of ſeveral parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the ſpring, ſets it 
again into a vegetative motion, and this being ſingle, and not at all regu- 
Jated as it was before(when a part of that greater machine the priſtine ye- 

etable)is mov'd after quite a differing manner,and produces effects very 
diferin from thoſe it did before, 

But this I propound onely as a conjecture, not that I am more enclin'd 
to this. Hypotheſs then the ſeminal, which upon good reaſon 1 gheſs to be 
Mechanical allo, as I may elſewhere more fully ſhew : But becauſe I may, 
by this,hint a poſſible way how this appearance may be ſoly'd ; ſuppoſing 
we ſhould be driven to confeſs from certain Experiments and Obſervatt- 
ons made, that fuch or ſuch Vegetables were produc'd out of the cor- 
ruption of another, without any concurrent ſeminal principle (as I have 
given ſome reaſon to ſuppoſe, in the deſcription of a 44:croſcopical Muſh- 
rome) without —_— all from the infinite wiſdom of the Creator. 
For this accidental production, as I may call it, does manifeſt as much, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfect vegetative bodies of the world, even as the accidental 
moticn of the Automaton does make the owner ſee, that there was much 
more contrivance in it then at firſt he imagin'd. But of this I have added 
more in the deſcription of Mould,and the Vegetables on Roſe leaves, c. 
thoſe being much more likely to have their original from ſuch a cauſe 
then thiswhich TI have here deſcribed, in the 13. Scheme, which indeed I 
cannot conceive otherwiſe of, then as of a moſt perfe& Vegetable, want- 
ing nothing of the perfeCtions of the moſt conſpicuous and vaſteſt Vege- 
tables of the world, and to be of a rank ſo high, as that it may very 

roperly be reckon'd with the tall Cedar of Lebanon, as that Kingly 
domel has done. 

We know there may-be as much curioſity of contrivance, and excel- 
lency- of form in a very ſmall Pocket-clock, that takes not up an Inch 
ſquare of room,as there may be ina Church-clock that fills a whole room ; 
And I know not whether all the contrivances and Mechanifms requiſite 
to a perfect Vegetable, may not be crowded into an enceating] leſs 
room then this of Moſs, as I have heard of a ſtriking Watch ſo ſmall, 
that it ſerv'd for a Pendant in a Ladies ear; and I have already given 
you the deſcription of a Plant growing on Roſe leaves, that is abundant- 
ly ſmaller then Moſs; inſomuch, that neer 1000. of them would hardly 
make the bigneſs of one fingle Plant of Moſs. And by comparing the 
bulk of Moſs. with the bulk of the biggeſt kind of Venerable we meet 
with in Story (of which kind we find in ſome hotter climates, as Guze, 
and Braſile, the ſtock or body of ſome Trees to be twenty foot in Dia- 
meter, whereas the body or ſtem of Moſs, for the moſt part, is not above 
one ſixtieth part of an Inch) we ſhall find that the bulk of the ' one 
will exceed the bulk of the other, no leſs then 2985984 Millions, 
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or 2985984000000, and {uppoting the produttion oh a Roſe leaf tobe 
a Plant, weſhall have of thoſe Ind:a# Plants to exceed a produttion of 
the ſame Vegetable kingdom no lets then 1000 times the former nutnber 5 
ſo prodigioutly various are the works of, the Creator,and fo All-fufficient 
is he to perform what to man would fcetm unpoſiible, they being-both 
alike cafie to him, even as one day, atid a thouſand years are to him as 
one and the fame time. / 
I have taken notice of ſuch an infinite variety of thoſe ſinaller kindsof 
vegerations, that ſhould I have deſcribed every one of them,they would 
almoſt have fill'd a Volume,and prov d bigg, enough to have made/a new 
Herbal, ſuch multitudes are there to be tound in; moiſt hot weather, 
eſpecially in the Summer time. on all kind of putritying ſubſtances; which, 
whether they do more properly belong to the Claſfzs of Mrſbroms, or 
Monlds, or Moſſes, 1 ſhall not now diſpute, there being ſome that-ſeem 
more properly of one kind, others of another, their colours and 
magnitudes being as much differing as their Figures and ſubſtances. | 
Nay, I have obſerv'd;that putting fair Water (whether Rain-wateror 
Pump-water, ur May-dew, or Snow-warer, it was almoſt all one) I have 
often obſerv'd, I ſay, that this Water would, with a little ſtanding, tarniſh 
and cover all about the ſides of the Glaſs that lay under water, with a 
lovely green ; but though I have often endeavour'd to diſcover with my 
pron] an whether this green were like Moſs, or long ſtriped Sea>weed, 
or any other peculiar form, yet ſo ill and. iniperfeCt are our Adcroſcopes, 
that I could not certainly diſcriminate any. org act 
Growing Trees alſo, athd any kinds of Woods, Stones, Bories,'c*c. that 
have been long expos'd to the Air and Rain, will be all over cover'd with 
a greeniſh ſcurff,which will very much foul and greenatty kind of cloaths 
that are rubb'd againſt it z _— this, I could not. certainly perceive 
in many parts of it any determinate form,though in many I could perceive 
a Bed as 'twere of young Moſs, but it! other parts it look'd almoſt like 
preen buſhes,and very confus'd,but always of what ever irregular Figures 


the parts appeard of, they were always green, and feem'd to be eithet 


ſome Vegetable, or to have ſotne vegetating principle. 
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Obſerv. KX11. Of common Sponges, did ſeveral other Spongie 
fibr ous bodies. | 


Sponge is commonly reckon'd among. the Zoophyts, or Plant Ani- 
A mals; and the frextwre of it, which the Adcroſcope diſcovers, ſeems to 
confirm it z for it is of a form whereof I never obſerv'd any other Vege- 
table, and indeed.it ſeems itnpoſlible that ary ſhould be of it, for it con- 
fiſts ofan infinite number of ſmall ſhort fibres, or nervons parts, much of 
the fame bigneſs, curiouſly jointed or contex'd together in the form 
of a Net, as i more plainly manifeſt by the little Draught which I have 
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added, in the third Figure of the I X. Scheme, of a youn of it, which yon 
may perceive repreſents a confus'd heap of the fibrous parts curiouſly 
jointed and implicated. The joints are, for the moſt part, where three 
fibres onely meet, for I have very ſeldom met with any that had four, 

At theſe joints there is no one of the three that ſeems to be the ſtock 
whereon the other grow, but each of the fibres are, for the moſt part, of 
an equal bigneſs, and ſeem each of them to have an equal ſhare inthe 
joint ; the fires are all of them much about the ſame bigneſs, not ſmaller 
towards the top of the Sponge, and bigger neerer the bottom or root, as 
is uſuall in Plants, the length of each between the joints, is very irregu- 
lar and different; the diſtance between ſome two joints, being ten or 
twelve times more then between ſome others. 

Nor are the joints regular, and of an equitriagonal Figure, but,for the 
moſt part, the three fibres ſo meet, that they compole three angles very 
differing all of them from one another. 

The meſhes likewiſe, and holes of this reticulated body, are not lefs 
various and irregular : ſome bilateral, others trilateral, and quadrilateral 
Figures; nay, I have obſerv'd ſome meſhes to have 5, 6, 7,8, or g. ſides, 
and ſome to have onely one, ſo exceeding various is the Laſns Nature in 
this body. 

As to the outward appearance of this Vegetative body, they are ſo 
uſuall every where, that I need not deſcribe them, conſiſting of a ſoft 
and porous ſubſtance, repreſenting a Lock, ſometimes a fleece of Wooll ; 
but it has befides theſe ſmall avicroſcopical pores which lie between the 

fibres, a multitude of round pores or holes, which, from the top of it, 
pierce into the body, and ſometimes go quite through to the bottom, 

I have obſerv'd many of theſe Sponges, to have included likewiſe in 
the midſt of their fibrous contextures, pretty large friable ſtones, which 
muſt either have been inclos'd whilſt this Vegetable was in formation,or 
| wpnae” ws in thoſe places after it was perfeCtly ſhap'd. The later of which 
cems the more improbable, becauſe I did not find that any of theſe ſtony 
ſubſtances were perforated with the fibres of the Sponge. 

I have never ſeen nor been enform'd of the true manner of the grow- 
ing of Sponges onthe Rock;whether they are found to increaſe from little 
to great, like Vegetables,that 1s, part after part, or like Animals, all parts 
equally growing together; or whether they be matrices or ſeed-baggs of 
any kind of Fiſhes, or ſome kind of watry Inſe&t ; or whether they are at 
any times more ſoft and tender, or of another nature and texture,which 
things, if I knew, I ſhould much deſire to be informed of: but from a 
curſory view that I at firſt made with my Microſcope, and ſome other - 
trials,l ſuppoſed it to be ſome Animal ſubſtance caſt out, and faſtned up- 
on the Rocks in the form of a froth, or coxgeries of bubbles, like that 
which I have often obſery'd on Roſemary, and other Plants (wherein 
is included a little Inſet) that all the little films which divide theſe 
bubbles one from another,did preſently,almoſt after the ſubſtance began 
to grow a little harder,break,and leave onely the thread behind, which 
might be, as 'twere, the angle or thread between the bubbles, that the 
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preat holes or pores obſcrvable in theſe Sponges were made by the eru- 
ption of the included Heterogeneons ſubſtance (whether air, or ſume 
other body, for many other fluid bodies will do the fame thing) which 
breaking out of the leſſer, were collected into very large bubbles, and 
ſo might make their way out of the Sponge, and in their paſſage might 
leave a round cavity ; and if it were large,might carry up with it the ad- 
jacent bubbles, which may be perceiv'd at the outlide of the Sponge, if 
it be firſt throughly wetted, and fuffer'd to plump it ſelf into its natural 
form, or be then wrung dry, and ſutter'd to ernand it ſelf again, which it 
will freely do whilſt moi(t : for when it has thus plump'd it felt into its 
natural ſhape and dimenſions, 'tis obvious enough that the mouths of the 
larger holes have a kind of lip or riſing round about them, but the other 
ſmaller pores have little or none. It may further be found, that each of 
theſe great pores has many other ſmall pores below, that are united unto 
it, and helpto conſtitute it, almoſt like ſo many rivulets or ſmall ſtreams 
that contribute to the maintenance of a large River. Nor from this 
Hypotheſis would it have been difficult to explicate, how thoſe little 
branches of Coral, (mal Stones, Shel/s, and the like, come to be included 
by theſe frothy bodies : But this inded was but a conjetture ; and upon 
a more accurate enquiry into the form of it with the Aficroſcope, it ſeems 
not to be the true origine of them; for whereas Sponges have onely 
three arms which join together at each knot, if they had been generated 
from bubbles they muſt have had four. 

But that they are Animal Subſtances, the Chymical examination of 
them ſeems to maniteſt, they affording a volatil Salt and fpirit,like Harts- 
Horn, as does allo their great ſtrength and toughneſs, and their ſmell 
when burn'd in the Fire or a Candle, which has a kind of fleſhy ſent,not 
much unlike to hair. And having fince examin'd ſeveral Authors con- 
cerning them,among others,l find this account given by Be/onirs, in the 
X I. Chap. of his 2* Book, De Aquatilibus. Spongie recentes, ſays he, a ſiccis 
longe diverſe,ſcopulis aque marine ad duos vel tres cubitos, nonnunquam qua- 
tuner tantum digitos immerfis, ut fungi arboribus edbirent, fordid) quodant 
ſucco aut mucoſa potixs ſante referte uſque adeo fetida.ut vel eminus nauſeant 
excitet. continetur auten iis cavernis, quas inanes in ſiccis & lotis Spongiis 
cernimus : Putris pulmonis modo nigre conſpiciuntur, verim que in ſublimi 
aque naſcuntur multo magis opaca nigredine ſuffuſe ſunt. Vivere quident 
Spongias adherendo Ariſtoteles cenſet : abſolute vero minime : ſenſumque 
aliquem habere, vel eo argumento (inquit) credantur, quod difficillime ab- 
ſtrahantur niſt clanculum agatur: Atq; ad avulſoris acceſjum ita contrahantur, 
ut eas evellere difficile ſit, quod idem etiam faciunt quoties flatus tempeſta- 
reſque nrgent. Puto autemillis ſuccum ſordidum quem ſupra [diximus car- 
mis loco 4 natura attributum fuiſſe : atque meatibus latioribus tan- 

am inteſtinis ant interaneis uti. Ceterum pars ea que Spongie cantibus 
adherent eſt tanquam folii petiolus, 4 quo veluti collum quoddam gracile in- 
cipit : quod deinde in latitudinem diff uſum capitis globum facit. Recentibus 
zihil eſt fiſtuloſum, heſitantque tanquam radicibus. Superne omnes propemo+ 
dum meatus concreti latent : inferne verd quaterni ant quini patent, per quos 
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eas ſugere exiſtimamus. From which Deſcription, they ſeem to be a kind 
of Plant-Animal that adheres to a Rock, and theſe ſmall fibres or threads 
which we have deſcribed, ſeem to have been the Veſlels which (tis v 

robable) were very much bigger whilſt the nemo were fill'd (as 
he affirms) with a mucous,pulpy or fleſhy ſubſtance ; but upon the drying 
were ſhrunk into the bigneſs they now appear. 

The texture of it is ſuch, that I have not yet met with any other body 
in the world that has the like, but onely one of a larger ſort of Sponge 
(which is preſerv'd in the Muſeum Harveanum belonging to the moſt 
Illuſtrious and moſt learned Society of the Phyſicians of London) which is 
of a horney, or rather of a petrif/d ſubſtance. And of this indeed, the 
texture and make is exaQtly the ſame with common Sponges, but onel 
that both the holes and the fibres, or texture of it is exceedingly my 
bigger,for ſome of the holes were above an Inch and half over, and the 
fibres and texture of it was bigg _— to be diſtinguiſhed eafily with 
ones eye, but conſpicuouſly with an ordinary ſingle Aficroſcope. And theſe 
indeed, ſeem'd to have been the habitation of ſome Animal z and ex- 
amining Ariſtotle, I find a very conſonant account hereunto, namely, that 
he had known a certain little Animal, call'd Piznothera, like a Spider, to 
be bred in thoſe caverns of a Sponge, from within which,by opening and 
cloſing thoſe holes, he inſnares and catches the little Fithesz and in ano- 
ther he ſays, That'tis very confidently reported, that there are cer- 
tain Moths or Worms that reſide in the cavities of a Sponge,and are there 
nouriſhed : Notwithſtanding all which Hiſtories,I think it well worth the 
enquiring into the Hiſtory and nature of a Sponge, it ſeeming to promiſe 
ſome information of the Veſſels in Animal fubſtances, which (by reaſon 
of the ſolidity of the interſerted fleſh that is not eafily remov'd, without 
deſtroying alſo thoſe interſpers'd Veſlels) are hitherto undiſcover'd ; 
whereas here in a Sponge,the Parenchyma,it ſeems,is but a kind of piucyus 
gelly, which is very cafily and cleerly waſh'd away. 

The reaſon that makes me imagine, that there may probably be ſome 
ſuch texture in Animal ſubſtances, is, that examining the texture of the 
filaments of tann'd Leather, I find it to be much of the ſame nature and 
ſtrength of a Sponge 3 and with my Aficroſcope, I have. obſerv'd many ſuch 
joints and knobs, as I have deſcribed in Sponges, the fibres alſo in the hol- 
low of ſeveral forts of Bones, after the Marrow has been remov'd, I have 
found ſomewhat to reſemble this texture, though, I confeſs, I never yet 
found ary texture exaGtly the fame, nor any for curiofity comparable 
to It, 

The filaments of it are much ſmaller then thoſe of Silk, and through 
the Microſcope appear very neer as tranſparent, nay, ſome parts of them 
I have obſerv'd much more. 

Having examin'd alſo ſeveral kinds of Muſhroms, I finde their texture 
to be ſomewhat of this kind, that is, to conſiſt of an infinite company of 
{mall flaments, every way contex'd and woven together, ſo as to wakea 
kind of cloth, and more particularly, examining a piece of Touch-wood 
(which isa kind of Jews-ear, or om, growing here in England allo, 
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on ſeveral forts of Trees, ſuch as Elders, Maples, Willows, ec. and is 
commonly call'd by the name of Spynk; but that we meet with to be 
fold in Shops, is brought from beyond Seas) I found it to be made of an 
exceeding delicate texture: For the ſubſtance of it feels, and looks to 
the naked eye,and may be ſ{tretch'd any way,cxactly like a very fine piece 
of Chamois Leather, or waſh'd Leather. but it isot ſomewhat a browner 
hew, and nothing neer ſo ſtrong ; but examining it with my Microſcope, 
I tound it of ſamewhat another make then any kind of Leather; tor 
whereas both Chamois, and all other kinds of Leather I have yet view'd, 
conſiſt of an infinite company of filaments, ſomewhat like buſhes inter- 
woven one within another, that 1s,ot bigger parts or ſtems, as1t were, and 
ſmaller branchings that grow out of them; or like a heap of Ropes ends, 
where each of the larger Ropes by degrees ſeem to ſplit or untwilt, into 
many: ſmaller Cords, and each ot thoſe Cords into ſmaller Lines, and 
thoſe Lines into Threads, &c. and theſe ſtrangely intangled, or inter- 
woven one within another : The texture of this Touch-wood ſeems 
more like that of a Lock or a Fleece of Wool, for it confiſts of an infinite 
number of ſmall filaments, all of them, asfarr as I could perceive, of the 
{ame bigneſs like thoſe of a Sponge, but that the filaments of this were 
not a twentieth part of the bigneſs of thoſe of a Sponge; and I could not 
ſo plainly perceive their joints, or their manner of interweaving, though, 
as tarrasI was able todiſcern with that Microſcope I had, I ſuppoſe it to 
have fome kind of reſemblance, but the joints are nothing neer ſo thick, 
nor without much trouble viſible. | 
The hlamentsI could plainly enough perceive to be:even,round,cylin- 
drical, tranſparent bodies,and to croſs each other every way, that is, there 
were not more ſeem'd tolie horizontally then perpendicularly and thwart- 
way, fo that it is ſomewhat difficult to conceive how they ſhould grow 
1n that manner. By tearing off a ſmall piece of it, and looking 'on the 
ragged edge, I could arnong ſeveral of thoſe fibres perceive {mall joints, 
that is, one of thoſe hairs ſplit into two, each of the ſame bigneſs with the 
other out of which they ſeem'd to grow, but having not lately had an 
opportunity of examining their manner of growth, I cannot poſitively at- 
firm any thing of them. | : ; 
But to proceed, The ſwelling of Sponges upon wetting, and the rilthg 
of the Water in it above the ſurface of the Water that it touches, are 
both from the ſame cauſe, of which an account is already given 1n the 
{xth Obſervation. | 
The ſubſtance of them indeed, has ſo many excellent properties,ſcatce 
to be met with in any other body in the world, that I have often won- 
dered that fo little uſe is made of it, and thoſe onely vile and fordid ; 
certainly, if it were well confider'd, it would afford much greater con- 
veniencies. | | 
That uſe which the Divers are ſaid to make of it , ſeems, if true, 
very ſtrange, but having madetrial of it my ſelf, by dipping a ſthall piece 
of it in very good Sallet-oyl,and putting it iv my mouth,and then keep- 
ing my mouth and noſe-under water,l could not find any ſuch thing ; forl 
V 2 was 
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was as ſoon out of breath,as if Thad had no Sponge,nor could I fetch my 


breath without taking in water at my mouth but I am very apt to 
think, that were there a contrivance whereby the expir'd air might be 
forc'd to paſs through a wet or oyly Sponge before it were again inſpir'd, 
it might much cleanſe, and ſtrain away from the Air divers fuliginous 
and other noiſome ſteams, and the dipping of it in certain liquors might, 
porn ſo renew that property in the Air which it loſes inthe Lungs,by 


g breath'd, that one ſquare foot of Air might laſt a man for reſpirar}- 
on much longer, perhaps,then ten will now ſerve him of common Air. 


—— 


Obſerv. XK XIII, Of the curious texture of Sea-weeds. 


Or curioſity and beauty, I have not among all the Plants or Vege- 
- tables I have yet obſerv'd, ſeen any one comparable to this Sea-weed 
I have here deſcrib'd, of which I am able to ſay very little more then what 
is repreſented by the ſecond Figure of the ninth Scheme: Namely, that 
it is a Plant which grows upon the Rocks under the water, and increaſes 
and ſpreads it felt into a great. tuft, which is not onely handſomely 
branch'd into ſeveral leaves, but the whole ſurface of the Plant 1scover'd 
over with a moſt curious kind of carv d work, which conſiſts of a tex- 
ture much reſembling a Honey-comb ; for the whole ſurface on both fides 
is cover d over with a multitude of very ſmall holes, being no bigger then 
ſo many holes made with the point of a ſmall Pinn, and rang in the 
neateſt and moſt delicate order imageable, they being plac'd in the man- 
ner of a Qxincunx, or very much like the rows of the eyes of a Fly, the 
rows or orders being very regular, which way foever they are oblerv'd : 
what the texture-was, as it appear'd through a pretty bigg Magnifying 

Microſcope, 1 have here adjoind in the. firſt Figare of the 14. Scheme, 
which round Area AB CD repreſents a part of the ſurface about one 
eighth part of an Inch in Diameter : Tho little holes, which to the eye 
look'd round, like ſo many little ſpots, here appear'd very 'regularly 
ſhap'd holes, repreſenting almoſt the ſhape of the ſole of a round toed 
ſhoe, the hinder part of which, is, as it were,'trod on or cover'd by the 
toe of that next below itztheſe holesſcem'd wall'd about with a- very thin 
and tranſparent ſubſtance, looking of a pale ſtraw-colour ; from the edge 
of which; againſt the middle of cach hole, were ſprouted out four ſmall 
tranſparent ſtraw-colour'd Thorns, which ſeem'd to prote& and cover 
thoſe cavities, from:cither ſ{ide,two 3 neer the root of this Plant. were 
ſprouted out ſeveral ſmall branches of a kind of baſtard Coralline, curis 

ouſly branch'd, though ſmall. 
And to confirm: this, having: lately the opportumity of; viewing the 
large Plant (if I ry Av call.it) of a Sponge petrify d, of which I made 
mention in the laſt Obſervation, I found, that each of the:Branches or 
Figures of it, did, by the range of its pores, exhibit juſt ſuch a es 
the 
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the rows of pores croſſing one'another, much after the manner as the 
rows of eyey do which are deſcrib'd inthe 26.Schare ; Coralline allo, and 
ſeveral forts of white Corel, I have with a Microſcope oblerv'd very cu- 
riouſly ſhap'd. And I doubt not, but that he that ſhall obſerve theſe 
ſeveral kinds of Plants that grow upon Rocks, which the $ea ſome+ 
times overflows, and thoſe heaps of others which are yomited out of it up- 
on the ſhore, may find multitudes of little Plants, and other bodies,which 
like this will afford very beautifull objects for the Aderoſcope 3 and this 
Fpecimen here is adjoin d onely to excite their curiglities who have op- 
portunity of obſerving to examine and collect what' they find worthy 
their: notice 3 for the Sea, among terreſtrial bpdies, is alſo a proſifick, 

| mother, and affords as many Inſtances of ſfortaxeons generations as cis 
B ther the Air or Earth. 


— — — — - —  —— - —_ ———— p_—_— 
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Obſerv. XXIV, Ofthe ſurfaces of Roſemary, and other leaves, 


His which is delineated within the circle of the ſecond Figure of the 
14. Scheme, is a {mall part of the back or under fide of a leaf of 
Roſemary, which I did not therefore make choice of, becauſe ithad any 
thing perplnr which way not obſervable -with a Adicreſcope in ſcyeral 
other Plants, but becauſe it exhibityat one view, ner eb 
Firſt, a ſmooth and ſhining ſurface, namely, AB, which is a'partof the 
upper ſide of the leaf, that by a kind of hem or doubling of the leaf ap- 
pears on 'this fide. . There are multitudes of leaves, whoſe ſurfaces are 
like this ſmooth, and asit were quilted, which look like a icyrious quilted 
Dagy of green Silk, or like a Bladder, or.ſome ſuch pliable tranſparent 
ſubſtance, full ſtuffed out with a green juice or liquor ; the ſurface of 
Rue, forms go is poliſh'd, and all over indented, or pitted, like the 


Silk-worm's Egg.which I ſhall anon deſcribe z the ſmooth ſurfaces of other 
Plants-are otherwiſe quilted, Nature'in this, as it were, expreſſing her 


- Needle-work, or imbroidery. 
> | Nextadowny or buſhy Grfacs, ſuch as is all the under (ide almoſt, 
' appearingthrough the Aficroſcope much like a thicker of buſbes, and with 
- thiskind of Down or Hair the leaves and ſtalks of multitudesof Vege- 
- tables arecovered; and there ſeems to be as great a variety ip the ſhape, 
+. bulk, and manner of the growing of theſe ſecundary Plants, asI may call 
them (they being, asitwere, a Plant growing out of a Plane, vr ſome- 
> what like the hairs of Animals) as there is to be found: amongſt ſmall 
ſhrubs that compoſe buſhes; but for the moſt part, they conſiſt of ſmall 
tranſparent parts, ſome of which grow in the ſhape of {mall Needlesor 
Bodkins.ai on the Thiftle,Cowag-ecod and Nettle others in the form of 
Car's claws.as in Cliders;- the beards of Barley, the edges of ſeyeral forty 
of Graſs and Reeds, &«: in other,as Coltsfoot,Roſe-campion, Aps, Poplar, 
Willow, and almoſt all other downy Plants, they grow inthe form of 
buſhes very much diverſify'd in each particular Plant. That which {hore 
Orc 
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before in the 19. Obſervation noted on Roſe-leaves, 1s of a quite differ- 
ing kind, and ſeems indeed a real Vegetable, diſtinct from the leaf. 
irdly, among theſe ſmall buſhes are obſervable an infinite com 
of ſmall round Balls, exattly Globular, and very much reſembling Pearls, 
namely, CCCC, of theſe there may be multitudes obſerv'd in Sage, 
and ſeveral other Plants, which I ſuppoſe was the reaſon why Athar 
Kircher ſappoſed them to be all cover'd with Spiders Eggs, or young 
Spiders, which indeed is nothing elſe but ſome kind of gummous exſu- 
ation,which is always much of the ſame bigneſs. At firſt fight of theſe] 
confeſs, I imagin'd that they might have been ſome kind of awatrices,”or 
nouriſhing receptacles for ſome ſmall Inſe&t, juſt as 1 have found Oak- 
apples, and multitudes of ſuch other large excreſcencies on the leaves 
= other parts of Trees and ſhrubs to be tor Flyes, and divers other In- 
ſets, but obſerving them to be there all the year, and ſcarce at all to 
change their magnitude, that conjecture ſeem'd not fo probable. But 
what ever be the uſe of it, it affords a very pleaſant object through the 
Microſcope, and may, perhaps, upon further examination, prove vety 
luciferous. | | 


—_— —_ __—— 


Obſerv. XXV. Of the ſlinging points and juice of Nettles, and 
ſome other venomous Plants. 


Nettle is a Plant ſo well known to every one,as to what the appear- 
A ance of it is to the naked eye, that it needs no deſcription;and there 
are very few that have not felt as well as ſeen it ; and thereforeit will be 
no news totell that a gentle and flight touch of the ſkin by a Nettle,does 
oftentime, not onely create very ſenſible and acute pain, much like that 
of a burn or ſcald,but often alſo very angry and hard ſwellings and infla- 
mations of the parts, ſuch as will preſently riſe, and continue ſwoln di- 
vers hours. Theſe obſervations, T ſay, are common enough ; but how the 
pain is ſo ſuddenly created, and: by what means continued, augmented 
for a time, and afterwards diminiſh'd, and at length quite exſtinguiſh'd, 
has not, that I know, been explain'd by any. | 
And here we muſt have recourſe to our Afcroſcope, and that will, if 
almoſt any part of the Plant be looked on, ſhew us the whole ſurface of 
it very thick ſet with turn-Pikes, or ſharp Needles, of the ſhape of thoſe 
repreſented'in the 15. Scheme and firſt Figzre by. AB, which.are viſible © 
al the naked eye; each of which confiſts of two parts very diſtin 
for ſhape,and differing alſo in quality from one' another. For the part A, 
is ſhaped very much hke a round Bodkin,from B' tapering till it end in a 
very ſharp point; it 1s of a ſubſtance very hard and ſtiff, exceedingly 
tranſparent and cleer, and, as I by many trials certainly found, is hollow 
from top to bottom. | | : bas | 
This I found by this Experiment, I had a very. convenient _ 
cope 
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ſeope with a ſingle Glaſs which drew about balf an loch.this bad faſived 
into a little frame, almoſt like a pair of —O—_ which I plated before 
mine &yes, and ſo h ing the leat of a Nettle at a convenient diſtayce 
from my. eyc, [ did fix{t,with the thruſting of ſevera} of theſe btiſtles ines 
my {kin, perceive that preſently after I had thruſt them in I felt thee burn» 
ing pai n 3 next | obſeryd in divers of them, that upan. thruſting 
my |—_ againſt their tops, the Badkin (if F may fo eall it) didnotiin 
the leaſt bend, but Icould perceive moving up and down within ita cer+ 
tain liquor, which upon thruſting the Bodkin againſt ies habs; © B; 
I could perceive to riſe towards the top, and ypan taking away wy bard, 
I could ſee. it again ſubſide, and ſhrink into the bagg 3 this I did very 
oftep, and ſaw this Phenomenon as plain as I covld'ever (ep a parcel of 
water aſcend and deſcend ina pipe of Glaſs, Bux the baſis underneath theſe 
Bodking on which they were faſt, wexe made of a more pliable ſubſtance, 
and looked almoſt like a little bagg of green Leather, or rather reſems 
bled the ſhape and ſurface of a wilde Cucumber, or exevareris afinivi, 
and I could plainly perceive them to be certain little baggs, bladders.or 
receptacles full of water, or as I ghels, the liquor of the Plant, which was 

iſonous, and thoſe (mall Bodkins were but the Syringe-pipes, or Glye 
{wget ba which firſt made way into the ſkin, and then ſerved ta convey 
that poiſanous juice,upon the preſiing of thoſe little baggs, into the in- 
terior and ſenſible parts of the ſkin;which being ſo diſcharg d, does cors 
rode, or, asit were, burn that patt of the ſkin it tonches 3 and this pain 
my ſometimes laſt very long, according as the imprefiion is made deeper 
or {tronger, 

The otber parts of the leat or {urface of the Nettle, have vory little 
conſiderable, but what is common to moſt of theſe kinds of Plants, as the 
ruggednels or indentipg, and hairinefs, and other roughoeſſes of the fur- 
face or out-fide of the Plant, of which I may Gy more in another place, 
As I ſhall likewiſe of certain little my clger Balls or Apples which [ 
have obſerved to ſtick tothe ſides leaves, both on the upper and 
under fide, very much like the ſmall Apples which Ihave often obſerv'd 
to grow on the leaves of an Oak call'd Oakrapples which are nothing bue 
the Moetrices of an Inſefr, 26 I elſewhere ſhey. 

The chief thing therefore is, how this Plant comes, by fo (light a touch, 
to create ſo great a painzand the realon of this ſeems to be nothing ele, bur 
the corrolive penetrant Bape contain'd inthe ſmall baggs of bladders, 
upon which grow out thole ſharp $yringe-pipes, as I before noted ; and 
very conſagant to this, is the regſop of the pain ercated by the ſting of a 
Bee, Waſp, cc. asI elſewhere ſhew: For by the Dart, which is likewiſe a 

ipe, is made @ deep paſlage into the tkin, and then by the anger of the 
Fiy, is his gally poiſonous liquor injefted 5; which being admitted among 
the ſenſible parts, end {o mix'd withthe humours or fagnating juices of 
that part, does create an Ebullition perhaps, or eferveſceus, as is ulually 
obſerv'd in the mingling of two difk Chymicel ſaling liquors, by 
which means the parts become ſwell d, hard, and very | pa yr 3 for 
thereby the pervous and ſenfible parts arg not oncly ftretch'd and wk 
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beyond 'their natural fore, but are alſo prick'd, perhaps, or corroded by 
the pungent and incongruous pores of the intruded liquor. ”'! 

And' this ſeems to be the reaſon, why Aqua Fortis, and other ſaline li- 
quors, if they come to touch the ſenſitive parts, as in a cut-6f the ſkin, 
or the like, do fo violently and intollerably excruciate and/torment the 
Patient, ' And 'tis not unlikely, but the Inventors of that Diabolical pra- 
Rice: of ipoiſoning the points of Arrows and Ponyards, might receive 
their firſthint from ſome ſuch Inſtance in natural contrivances, as this of 
the Nettle : for the ground why ſuch poiſon'd weapons kill fo infallibly 
asthey'do, ſeems no other then this of our Nettle's [tinging ; for the Pon- 
yard or Dart makes a paſlage or entrance into the ſenſitive or vital ns 
of the body, whereby the contagious ſubſtance comes to be diflolv'd by, 
and mix'd with the fluid parts or humours of the body,and by that means 
ſpreads'it ſelf by degrees into the whole liquid part of the body, in the 

ame manner, as a few grains of Salt,put into a great quantity of Water, 
will by degrees diffuſe it ſelf over the whole. 

And thisI take to be the reaſon of killing of Toads, Frogs, Effs, and 
ſeveral Fiſhes, by ſtrewing Salt on their backs (which Experiment was 
ſhewn tothe Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) tor thoſe creatures having always a continual exſudation, 
as it were,of {limy and' watry parts,{weating out of the pores of their ſkin, 
the //ahine particles, by that means obtain a vehicle, which conveys them in- 
to the internal and vital parts of the body. - 

This ſeems alſo to be the reaſon why bathing in Mineral waters are 
ſuch ſoveraign remedies for multitudes of diſtempers,eſpecially chronical; 
for the liquid & warm vehicles of the Mineral particles, which are known 
to be in very conſiderable quantities in thoſe healing baths,by the body's 
long ſtay in them, do by degrees ſteep and inſinuate themſclves into the 
pores and parts of the1ſkin,and thereby thoſe Mineral particles have their 
ways and paſlages open'd to penetrate into the inner parts, and mingle 
themſelves with the ſtagnazt juices of the ſeveral parts ; beſides,many of 
thoſe offenſive parts which were united with thoſe tagrart juices, and 
which were contrary to the natural conſtitution of the parts, and fo be- 
come irkſome and painfull to the body,but could not be diſcharged, be- 
cauſe Nature had made no proviſion for ſuch accidental miſchiefs, are, by 
means of this ſoaking, and filling the pores of the ſkin with a liquor, at- 
forded a paſlage through that liquor that fills the pores into the am- 
bient fluid, —__ thereby the body comes to be diſcharged. 

So that tis very evident,there may be a good as well as anevil applica- 
tion of this Principle. And the ingenious Invention of that Excellent 
perſon, Doctor Wren, of injecting liquors into the veins of an"Animal, 
ſeems to be reducible to this head : I cannot ſtay, nor is this a fit place, to 
mention the ſeveral Experiments made of this kind by the molt incom- 
parable Mr. Boyle, the multitudes made by the lately mention'd Phyſician 
DoCtor Clark, the Hiſtory whereof, as he has been pleas'd to commu- 
nicate' to the Royal Society, ſo he may perhaps be prevail d with to make 
publique himſelt : But I hall rather hint, that certainly, if this Principle 
were 


were well confider d,there might, beſides the further improving of Bath- 
ing and «mms. on the veins, be thought on ſeveral ways, whereby 
ſeveral obſtinate diſteropers of a humane body,ſuch as the Gout, Dtophie, 
Stone, Ee. might be maſter'd, and expell'd; and good men might make 
as good a uſc of it, as evil men have made a perverſe and Djabolical. 

And thar the filling of the potes of the ſkin with fome fluid vehicle, ig 
of no fmall cffcacy towards the preparing a paliage for ſeveral kinds of 
penetrant. juices, and other ditioluble bodies, to inficuate themſelves 
within the ikin, and into the feufuive parts of the body, thay be; I think, 

v'd by an Inſtance given us by BeYonize, in the 26. Chapter of the 
Hoind Book of his ions, which contatning a very remarkable 
Story I have here trankcrtb'd : Carr Chameleonts: nigri radices (ſays he) 
apud Pagum quendam Livadochorio nincupatum erui curaremus, plariai 
Grect © Turce ſpetatun venerunt quid erveremns, eas vero fruftnlatinn ſe- 
cabamins, & fils trajiciebanms ut facilizs exſiccari poſſent, Turce in eo wes 
gotio accupates wos videmtes, femiliter eas radices tradtare & ſecare vole» 
rant: at cam ſumma efjet efims, & omnes ſudore maderent, qnirunqut 
ear radicew maribns trad averant ſudoremgae abſterſetant, ant faciem d4 
gitzs ſcalpſerant, tant am pruriginem iis locis quos attigerant poſtea ſerſerumt, 
at acorr3 viderentuar.  Chamelconis erize nigri radix ea virinte pollet, ut cu 
ti applicata ipjavr adeo inflavemet, xt nec fquile, nec artice ule centeſima 
parte ita-adrrent : At prurigo rom adeo teleriter ſcſe prodit. Poſt xram ant al 
teraw porra horaz:, fingult variir faciei locis cutem adeo inflawmatan ha- 
here cepimms ut tata fangninee videretur, atque quo magis eatu Corfricabs- 
mm,tanto magis excitebatzr pranige. Forti y 0 ants fab Platanoatghe inri- 
tie pre lbudicrs habebamw © ridebaneye ; at tandem illi plarimum indiguats 
font, &- mf afeveraſjerns mnquant expertos talivirtute cam plantampoliere, 
hand dnbre male nos maltaſſent. Attamen neftra excufatio fuit ab ills fatili- 
me accepta,crmeodem ircommode nos affetios confpicerent. Mirnne ſane quod 
in tantillo radice tam ingeuten | ra nefiro male experti ſuns, 

By which obſervation of hisgit ſcerms maniicft, that their being all cover'd 
with fweat who gather'd and cut this root of the black Chame/eore Thiftle, 
was the great reaſon why they faffer'd that inconvenience, for it feerns the 
like circumſtance had not been before that noted, nor do I fihd any men- 
ane ns phy ry belonging 'to this Vegetable in any of the Her- 
bals Lhave at pr 'y me. 

I could give very many Obfervations which I have made of this kind, 
whereby I found that the beft way to get 2 body to be infimuated 
into the ſubſtance or inſebſible pores of another, is firſt, to find a flaid 
vehicle that has forme congruity,bath to the body to be infleuated,and to 
the body into whoſe pores you would. have the other convey'd. And ir 
this Principle lies the grcat myſtery of ſtaining feveral forts of bodies, as 
Marble, Woods, Bones, &-c. and of Dying Silks, Cloaths, Wools, Fea- 
thers, Ec. But theſe being digrefiions, I ſhall proceed to : 


Obſerv. XX V1, Of Comage,and the tching oper ation of ſome bodies, 
TP Hreis a certain Downof a Plant,brought from the Eaſt-IndiescalF'd 
.* commonly, rhough very imptoperly, Cow-7tch, the reaſon of _ 

X miſtake 
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miſtake is manifeſt enough from the deſcription of it, which Mr. Parkinſor 
ſets down in his Herbal, Tribe XI. Chap. 2. Phaſiolus ſiliqua hirſuta 5 The 
hairy Kidney-bean, called in Zurratte where it grows, Conhage : We have had 
(fays he) another of this kind brought ws ont of the Eaſt-Indies, which being 
planted, was in ſhew like the former, but came not to perfeCion, the unkindly 
ſeaſon not ſuffering it to ſhew the flower ; but of the Cods that were brought, 
ſome were ſmaller, ſhorter, and rounder then the Garden kind; others much 
| longer, and many growing together, as it were in cluſters,,and cover d all over 
' with a brown ſhort hairineſs, ſo fine, that if any of it be rubb'd, or fall on the 
back of ones hand, or other tender parts of the hint, it will cauſe « kind of 
itching, but not ſtrong, nor long induring, but paſſing quickly away, without 
either danger or harm; the Beans were ſmaller then ordinary, and of a black 
ſhining colour. 

Having one of theſe Cods given me by a Sea-Captain, who had fre- 
quented thoſe parts, I found it to be a ſmall Cod, about three Inches 
long, much like a ſhort Cod of French Beans, which had fix Beans init, 
the whole ſurface of it was coverd over with a very thick and ſhinin 
brown Down or Hair, which was very fine, and for its bigneſs ſtiff; 

taking ſome of this Down, and rubbing it on the back of my hand, 1 
found very little or no trouble, only I was ſenſible that ſeveral of theſe 
little downy parts with-rubbing did ym_y and were ſunk, or ſtuck 
pretty deep into my ſkin. After I had thus rubb'd it for a pretty while, 
I felt very little or no pain, in ſo much that I doubted, whether it were 
the true Couhage ; but whil'{t I was conſidering, I found the Down begin 
to make my hand itch, and in ſome places to ſmart again, much like the 
ſtinging of a Flea or Gnat, and this continued a pretty while, ſo that by 
degrees I found my ſkin to be ſwell'd with little red puſtules, and to 
look as if it had been itchie. But. ſuffering it without rubbing or ſcratch- 
ing, the itching — ain quickly grew languid, and within an-hour 
I felt nothing at all, and the little protuberancies were vaniſh'd. 

The cauſe of which odd Phenomenon, I ſuppoſe to be much the ſame 
with that of the ſtinging of a Nettle, for by the Aficroſcope, F diſcover'd 
this Down to confiſt of a multitude of ſmall and {lender conical bodies, 
much reſembling Needles or Bodkins, ſuch as are repreſented by A B. 
C D. EF. of the firſt Figure of the XVI. Scheme; that theirends A A'A, 
were very ſharp, and the ſubſtance of them ſtiff and hard, much like the 
ſubſtance of ſeveral kinds of Thorns and crooks growing on'Trees.” And 
though they appear'd very cleer and tranſparent, yet I could not per- 
ceive whether they were hollow or not, but to me they appear'd 
like folid tranſparent bodies, without any cavity in them'z whether, 
though they might not be a kind of Cane, fill'd with ſome tranipa- 
rent liquor which was hardned (becauſe the Cod which I had' was very 
dry) I was not able to examine. Fog! 

ow, being fuch ſtiff, ſharp bodies, it is eafie to conceive; how with 

rubbing they might eafily be thruſt into the tender parts of the skin,and 
there, by reaſon of their exceeding .fineneſs and drineſs, not create any' 
conſiderable trouble or pain, till by remaining in thoſe places moiſtned 
with the humours of the body, ſome cauſtick part ſticking on, them, or 

reliding 


reſiding within them might be diflolv'd and mix'd with the ambient juices 
of that-place, and thereby thoſe fibres and tender; parts adjoypitgbes 
come affte&ted, and as it were corroded by it; whence, while that acti- 
6n laſts, the ipains created are pretty ſharp and pungent, though ſmall, 
which is the eflential property of anitthing one. | 

That the pain alſo cauſed by the ſtinging of aFlea, a Gnatz a'Flie, a 
Waſp, and the like, proceeds much fromthe very ſame caule, Telfewhere 
in their proper places endeavour to maniteſt, The ſtinging alſo of ſhred 
Horſ-hair, which in meriment is often ſtrew'd between the theets ofa Bed f 
ſeems to proceed from the ſame cauſe, 
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Obſerv., XX V11. Of the Beard of a wilde Oat, and the uſe that 
may be mathe of it for exhibiting always to the Eye the temperature 
of the Air, as to drineſs and moiſture, 


fd ae Beard of a wild 0at, is a body of a very curious ſtrufture,though 

to the naked Eye it appears very ſlight, and inconfiderable, it being 
only a fnall black or brown Beard or Briſtle,which grows out of the fide 
of the inner Husk that covers the Grain of a wild 0atzthe whole length of 
it, when put in Water, ſo that it may extend it ſelf toits full length,isnot 
above an Inch and a half,andfor the moſt part ſomewhat ſhorter,but when 
the Grain is ripe, and very dry, which is uſualy in the Moneths of July, 
and Avguſt, this Beard is bent ſomewhat below the middle, namely,abour 
« fromthe bottom of it, almoſt to a right Angle, and the under part of 
it is wreath'd lik a With ; the ſubſtance of it is very brittle when dry, and 
it will very eaſily be broken from the husk on which it grows. 

If you take one of theſe Grains, and wet the Beard in Water,you will 

reſently ſee the ſmall bended top to turn and move round, as if it were 
7 nſible: and by degrees, if it be continued wet enough, the joint or knee 
will ſtreighten it felt; and if it be ſuffer'd to dry again, it will by degrees 
move round another way, and at length bans again into its former 
poſture. EE 

If it be view'd with an ordinary ſingle Microſcope, it will appear like 
a ſmall wreath'd Sprig, with two clefts; and if wet as betore, and 
then look'd on with this Aicroſcope, it will appear to unwreath it ſelf, 
and by degrees,to ſtreighten its knee, and the two cleſts will become 
ſtreight, and almoſt on oppoſite ſides of the ſmall cylindrical body. 

If it be continued to be look'd a little longer with a Aicroſcope, it 
will within a little while begin to wreath it ſelf again, and ſoon after 
return to its former poſture, bending it ſelf again neer the middle, into 
a kind of knee or angle. 

Several of thoſe bodies I examin'd with larger Microſcopes, and there 
found them much of the make of thoſe two long wreath'd cylinders de- 
lineated in the ſecond Figure of the 15. Scheme, which two cylinders re- 
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preſent the wreathed part broken into two pieces,whereof the end AB is 
tobe ſuppos'd to -bave join'd tothe end CD, ſothat EA CF does repre-+ 
ſent the whole wreath'd part of the Beard, and E G a ſmall piece of the 
upper part of the Beard which is beyond the knee, which as I had not, 
room to inſert, ſo was it not very conſiderable, cither for its form,or any 
known property 3 but'the under or wreathed part is notable for both: 
Asto its form, 1t appear'd, if it were look'd on fide-ways, almoſt like a 
Willow, or a {mall tapering rod of Hazel, the lower or bigger half of 
which onely, is twiſted round ſeveral times,in ſome three, in athers mare, 
in others leſs, according to the bigneſs and maturity of the Grain on 
which it grew, and according to the drineſs and moiſture of the ambient 
Air, as I thall ſhew moreat large by and by. | 
The whole outward Superficies of this c lindrical body is curiouſly 
adorngd or fluted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard, 
and'are ſtreight where the Beard is not twiſted,and wreath'd where it is, 
juſt after the ſame manner : eachof thoſe fides is beſet pretty thick with 
ſmall Briſles or Thorns, ſomewhat in form reſembling that of Porcupines 
Quills, ſuch as « a£ 44 in the Figure; all whoſe points are direCted like 
ſo many Turn-pikes towards the {mall end or top of the Beard, which is 
the reaſon, why, if you endeavour to draw the Beard between your fin- 
gers the contrary way, you will find it to ſtick, and grate, as it were, 
againſt the ſkin, oat 
The proportion of theſe ſmall conical bodies aa 444 to that whereon 
they grow, the Figure will ſufficiently ſhew, as alſo their manner of grow+ 
1 cjr thickneſs, and neerneſs to each other, as, that towards the root 
af , orbottom of the Beard, they are more thin, and much ſhorter,infomuch 
that there is uſually left between the top of the one, and the bottom of 
that next above it, more then the length of one of them, and that to» 
wards the top of the Beard they grow more thick and cloſe (though 
there be fewer ridges) fo that the root, and almoſt half the upper are 
hid by the tops of thoſe next below them. 

I could not perceive any tranſverſe pores, unleſs the whole wreath'd 
part were ſeparated and clett,in thoſe little channels,by the wreathing in» 
to ſo many little ſtrings as there were ridges, which was very difficult tq 
determine z but there were in the wreathed part two very conſpicuous 
chanvels or clefts, which were continued from the bottom F to the el- 
bow EH, or all along the part which was wreath'd, which ſeem'd to dir 
vide the wreath'd Cylinder jnto two parts, a bigger and 8 leſs; the bigger 
was that which was at the convex (ide of the knee, namely, an the fide A, 
and was wreathd by OQOQ OO; this, as it ſeem'd the broader, fo 
did it alſo the lepger, the other P PP PP, which was uſyally pursd or 
wringckled in the bending of the knee,as about E, ſeem'd both the ſhorter 
and narrower, fo that at firſt I thought the wreathing and ynwreathing 
of the Beard might have been caus'd by the ſhrinking or ſwelling of that 
parts but upon further examingtian,] found that the clefts, K K, L L,were 
{tuft up with a kind of Spopgie ſubſtance, which, for the moſt part, was 
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very coriſpicuous neer the knee, as in the deft K K, when the Boa rd was 
dry ; upon the diſcovery af which, Ib<cgan to think, that it was upon the 
ſwelling of this porous pith upon the acceſs of matftute or water that tho 
Beard, being made longer i11 the midfi;was{treighthed,and by the fhrink« 
iog or ſabl pling of the parts of that $pongie ſubſtance tagerhen, when 
the water or moiſture was exhal'd ot dried, the pith or: taiddje parts 
growing ſhorter, the whole became twiſted. | Efty 03%" 
| But thisI cannot be potrive in, far upon cutting the wreath'd part in 
many places tranſyertly, -L was not © well ſatisfy 'd 'with the hapeiand 
manner of the pores of the pith z for looking an theſe tranſverſe Seftiong 
with a very good Mieroſcope, I faind that the ends of tho:;:tran- 
verſe Seftions appear d much of the manner of ebd third Figure of the 
15. Scheme ABCFE, and the middle or pith CC, feem'd very full of 
pores indeed, but all of them ſeem'd torun the long-ways. | 

This Figure _ enough fhews in what manner thoſe clefis,K and L 
divided the wreath'd Cylinder into two unequal parts, and alſo of what 
kind of ſubſtance the whole body cardiſts; for by cutting the ſarne Beard 
in matly places, with tranſverle Sections, I found: much the ſame ap» 
pearance with this expreſs'd ; ſo that thoſe pores ſeem to run, as in moſt 
other ſuch Cany bodies, the whole length of it. X 

The clefts of this body K K, and LL, ſeem'd (as is alſo expref6'd in 
the Figure) to wind very oddly in the inner part of the wreathz and 
in ſome parts of them, they ſeern'd ſtuffed, as it were,with that Spongic 
ſubſtance, which I juſt now deſcribed, WT 

This fo oddly conſtituted Vegetable fubſtante, is firſt (thar I'bave 

met with) taken notice of by Rept Porte, in his Ndt»rel Moegich,. a5 8 
thing known. to children and Juglers, and it has beencall'd by fore of 
thoſe laſt named perſons, the better to cover their cheat, the Legg of an 
Arabias 8pider, or the of an inchanted Fg yptias Fl, and has been 
uſed by them to make a {mall Index, Crofs, or the like, to move tound 
__ the wetting of it with a drop of Water, and munteripg cettain 
wards, 

But the uſe that has been made of it, for the diſcovery of the various 
conſtitutions of the Air, as to drinels and maiſtneſs, is incomparably 
beyond any other ; for this it does to admiration : The manner of con- 
triving it ſo, as to perform this great effect, is anely thus : 

Provide a good large Box of Iyory, about four Inches over, and of 
what depth you (ball judge convenient (accarding to your intention 
of making uſe of one, two,three,or more of theſe ſinall Beards.ordered in 
the manner which I ſhall by and by defcribe)let all the ſides of this Box be 
turned of Baſket-work (which here in London is eaſily enough procur 'd) 

full of holes,in the manner almoſt of a Lettice, the bigger, of more the 

holes are,the better,that ſo the Air may have the more free paſlage tothe 

incloſed Reard,and may the more eaſily paſs through the Inſtrument ; it 

will be better yet,though not altogether lo handſomm.if inſteed of the Bal- 

ket-work on the (des of the Box,the bottom and top of the Box be join'd 

together onely with three or four ſmall Pillars, after the manner ow 
| nte 
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ſented in the 4.Figure.of the 15. Scheme. Or,if you intend to make uſe of 

of theſe ſmall Beards join'd together, you may have a ſmall lon 
Caſe of Ivory, whoſe fides are turn'd of Baſket-work, full of holes, which 
may be ſcrew'd on to the underſide of a broad Plate of Ivory,on the other 
fide of which is to be made the divided Ring or Circle, to which diviſi- 
ons the pointing of the Hand or Index, which is moved by the conjoin'd 
Beard, may ſhew all the Xfire variations of the Air. 

There may be multitudes of other ways for contriving this ſmall Inſtru- 
ment, ſo as to produce this effeft, which any one may, according to his 
peculiar uſe, and the exigency of his preſent occaſion, eafily enough con- 
triveand take, on which I ſball not therefore inſiſt. The whole manner of 
making any one of them is thus : Having your Box or frame A ABB, fitly 
adapted for the free paſſage of the Air through it,in the midſt ofthe bot- 
tom BB B, you muſthave a very ſmall hole C, into which the lower end of 
the Beard is to be fi'xd,the upper end of which Beard a b.is to paſs through 
a ſmall hole of a Plate, or top A A, if you make uſe onely of a fingle one, 
and on the top oft e, is to be fix'd a ſmall and very light 2:dex f's, made 
of a very thin {liver of a Reed or Cane ; but if you make uſe 'of two or 
more Beards, they muſt be fix*d and bound together, either with a ve 
fine piece of Silk, or with a very ſmall touch of hard Wax, or Glew,which 
is better, and the Index fg, isto be fix'd on the top of the ſecond, third, 
or fourth in the ſame manner as on the fingle one. 

Now, becauſe that in every of theſe eontrivances, the Index fe, will 
with ſome temperatures of Air, move two, three, or more times round, 
which without ſome other contrivance then this, will be difficult to diſtin- 

iſh,therefore I thought of this Expedient : The Izdex or Hand f'g, be- 
ing rais'd a pretty way above the ſurface of the Plate AA, fix in at a 
little diſtance from the middle of ita ſmall Pin +, ſo as almoſt to touch 
the ſurface of the Plate A A, and then in any convenient place of the 
furface of the Plate,fix a ſmall Pin, on which put on a ſmall piece of Paper, 
or thin Paſt-board, Vellom, or Parchment, made of a convenient cize, 
and ſhap'd in the manner of that in the Figure expreſsd by # k, fo 
that having a convenient number of teeth every turn or return of the 
Pin h, may move this ſmall indented Circle, a tooth forward or back- 
wards, by which means the teeth of the Circle, being mark'd, it will be 
thereby very ecafie to know certainly, how much variation any change 
of weather will make upon the ſmall wreath'd body. In the making of 
this Secundary Circle of Vellom, or the like, great care is to be had, that 
it be made exceeding light, and to move very eaſily, for otherwiſe a ſmall 
variation will ſpoil the whole operation. The Box may be made of Braſs, 
Silver, Iron, or any other ſubſtance, if care be taken to make it open 
enough, to let the Air have a ſufficiently free acceſs to the Beard. The 
Index alſo may be various ways contrived, ſo as to ſhew both the number 

of the revolutions it makes, and the M7zwte diviſions of each revolution. 

I have made ſeveral trials and Inſtruments for diſcovering the drinefs 
and moiſture of the Air with this little wreath'd body,and find it to vary 
exceeding ſenfibly with the leaſt change in the conſtitution of the Air, as 
to 


todrineſs and moiſture, ſo that with one breathing upon it, I have thade 
jt untwiſt a whole bout, and the Index or Hand has ſhew'd or pointed td 
various diviſions on the upper Face or Ring of the Inſtrument, according 
as it was carried neerer and neerer to the fire; or as the heat of the Sun 
increaſed upon it. 

Other trialsI have made with Gut-ſtrings,but find them nothing neer 
ſo ſenſible, ' though they alſo may be fo contriv'd'as to exhibit'the 
changes of the Air; as tb driheſs and moiſture, both by their ſtretching 
and ſhrinking in length, and alſo by their wreathing and unwreathing 
themſelves ; but thels are hothing neer ſo exact or ſo tender,for their va- 
rying property will in a little time chahge very much; But there are ſe- 
veral other Vegetable ſubſtances that are much more ſenſible then even 
this Beard of a wilde Oat; ſuch I have found the Beard of the ſeed of 
Muſk-graſs, or Gerarinm moſehatum, and thoſe of other kinds of Cranes- 
bil beds and the like. But always the ſmaller the wreathing ſubſtance 
be, the more ſenſible is it of the mutations of the Air, a conjetture at 
the reaſon of which I ſhall by and by add. | 

The lower end of this wreath'd Cylinder being ſtuck upright i a little 
ſoft Wax, ſo that the bended part or dex of it lay horizoztal, Ihave 
obſerv'd it always: with moiſture to nhwreath-it ſelf from the Eaſt (For 
inſtance)by the South to the Welſt,and fo by the North to the Eaſt again, 
moving with the Sun (as we commonly ſay) and with heat and drouth 
tore-twiſt, and wreath, it ſelf the contrary:way, namely, from the Eaſt, 
(for itiſtance) by the North to the Weſt, and fo onwards — __ 

The cauſe of all which Phenomena, ſeems to be the differing texture 
of the parts of theſe bodies, each ofthem (eſpecially the Beard of a wilde 
Oat, and of Mesk-greſs ſeed.) ſeeming to have two kind of ſubſtances,one 
that is very porous. looſe,and ſpongie,into which the watry iteams of the 
Air may be very eaſily forced, which will be thereby. fwell'd andextend- 
ed in its dimenſions, juſt as we may obſerve all kind of Vegetable ſub- 
ſtance upon ſteeping in water to ſwell and grow bigger and longer. And a 
ſecond that is more hard and cloſe,into which the water can very little,or 
not at all penetrate, this therefore retaining always very neer the ſame 
dimenſions, and the other ſtretching and ſhrinking, according as there 
is more or leſs moiſture or water in its. pores, by reaſon of the make and 
ſhape of 'the parts, the whole body: muſt neceflarily unwreath: and 
wreath it ſelf. | | | | | 

And upon this Principle, itis very eafic to make ſeveral forts:of con- 
trivances that ſhould thus, wreath and uowreath themſelves, either by 
heat and cold, or by drineſs and moiſture, or by any: greater or leſs force, 
from whatever cauſe it proceed, whether from gravity or weight, or: 
from wind which is motion of the Air, or from ſome ſpringing body, 
or the like. il | 11 40; 

This, had I time, I ſhould enlarge much more upon'z for it ſeems rome 
to be the very firſt footſtep of Serſation, and Animate motion, the molt : 
plain,ſimple,and obvious contrivance that Nature has miade uſe of to pro-' 
duce a motion, next to that of Rarcfattion and Condenſation by ea 
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and cold. And were thisPrinciple very well examin'd, I ata vefy apt to 
think, it would afford us a very great help to find out the 4ſrebariſor 
of the yang which wy us a [ have __ —_— to ex- 
amine, ſeems to me not {o very perplex as one might man i 
upon the examination which 1 A. % of the Muſcles of Cre yr Paogen, 
ſeveral ſorts of large Shell-fiſh,and comparing my Obſervations on them, 
with the circumſtances I obſerv'd in the muſcles of terreſtrial Animals. 
Now, as in this Inſtance of the Beard of a wilde 0at, we ſee there is 
nothing elſe requiſite to make it wreath and unwreath it ſelf, and' ta 
ſtreighten wil bend its knee, then onely a little breath of moiſt or 
Air, or a ſmall «tore almoſt of water or liquor, and a little heat tomake 
it again evaporate; for, by holding this Beard, plac'd and fix'd as I be- 
fore dire&ed, neer a Fire, and hep yes of a ſmall ſhred of Pa 

in well reQify'd ſpirit of Wine, and then touching the wreath'd Colin 
drical part,you may perceive it tountwilt it ſelf; and preſently again,up- 
on the avoletiov of the ſpirit, by the great heat, it will re-ewill it ſelf, 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the ſpirit of Wine 3 fo may, perhaps, the ſhrinking and 
relaxing of the muſcles be by the influx and evaporation of ſome kind 
of liquor or juice. But of this Enquiry I ſhall add more elſewhere. 
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Obſerv. XX VIII, Of the Seeds of Venus hboking-glaſs, or Corn 
Vioket. 


om the Leaves, and Downs, and Beards of Plants,we come at laſtro 
Cid apia jonda The rrorideace of Necure ahour Verentdeaiel 
mare hidupits . The providence ea ep 1s 
Ro part manifeſtod more,then inthe various contrivances about the feed, 
nox indeed is there in any part of the Vegetable ſo curious carvings, and 
beautiful} adornments, as about the ſeed ; this in the larger forts of feeds 
ts moſtevident to the eye; . nor isit lefs manifeſt Þ the Jicroſcope; 
inthoſe ſeeds ſhape and ſtrufture, by 'reafon of their ſmalnek, the 
eye its hardly able = 910th 
Of theſe there are maltitudes, many of which I hayeobſerv'd through 
a Microſcope, and find, that they do, for the moſt part, every one afford 
exceeding pleaſant and beautifull objects. For befides thoie that have 
u— vow wr + karfaces, there ms other that ws kmooth and 
perie&ly poliſh'd furfaces, others a downy hairy furface ſome ' are 
kind af ſhel}; others with both, 


caverd onely witha ſkin, others with a 
25. obfervable alla in greater feeds. lber Dot? 8 
Of _w_ mon 7 onely deſcribed four oy which ney ferveas's 
Specier of what the inquifieive obſcryers are likely 10 find amongthe 
reſd. The faſt of theſe feeds which fried bs the 17..5thewe, arc 
thoſe of Core Violets, the feed is very fall, black, and thiving; and, ed 
the naked eye; looks almoft like a very ſmall Fles; w—_— 
| Aicroſcope 


# 


7 


$2 1 If * 
54 Fat f 
OL £ 


WF » « 
f, 
oS. = 
of 


= 


HO 
- 
7 
my 


A 
ps 


WAR 

AM 
\\ 

Wal 


W- Y 
: 
v \ 
\ bu. 
kN V;> p 
. * « i 


y 


\ SYS) "4 a 
I OTH nt 
[ {C; AE; "T"\% "+ ; 
ONS TT 

«I (6 ; WH n ww 


*% 


tr 4 


l;., LIT 
/ ee pe. nr 


\ 


== 


————— 


$\ £44 F- . 
ARGS ' : N ' - 
= RJ . 
bY. 2 N 


v4 1 
IN 


» 
{ 
; k. 


M1icCROGRAPHIA, 


Afic roſcope, it appears a large body, cover'd with a tough thick and bright 
reflefting ſkin very irregularly ſhrunk and pitted, inſomuch that it is al- 
moſt an impoſſibility to find two of them wrinkled alike, ſo great a va- 
ricty may there be even in this little ſeed. ; 

This, though it appear'd one of the moſt promiſing ſeeds for beauty to 
the naked eye,yet through the Microſcope it appear'd but a rude miſhapen 
ſeed, which therefore drew, that I might thereby manifeſt how unable 
we are by the naked eye to judge of beauteous or leſs curious microſ-opi- 
cal Objects; cutting me of themin ſunder, I obſerv'd them to be fill'd 
with a greenifh yellow pulp, and to have a very thick hutk, in propor- 
tion to the pulp. 


_ i Te 


Obſerv. XXIX, Of the Seeds of Tyme. 


Heſe pretty fruits here repreſented, ih the 18. Srhexe, are nothing 

elſe-but nine ſeveral ſeeds of Tyme; they are all of them in differ- 
ing poſture,both as to the eye and the light; nor are they all of them ex- 
athly of the ſatne ſhape, there being a great variety both in the bulk and 
figure of each ſeed ; but they all agreed in this,that being look'd on with 
a Microſcope, they cach of them exactly reſembled a Lemmon or Orange 
**dry'd; and this both in ſhape and colour. Some of them are a little 
rounder, of the ſhape of an Orange, as A and B, they have each of 
them a very conſpicuous part by which w were joind to their little 
| Talk,and one of themthad alittle piece of ſtalk remaining on 3 the oppo- 
ſite ſide of the ſeed, you may perceive very plainly by the Figure,is very 
[ and prominent, as is very uſual in Lemmons, which prominencies 
arcexpreſsd in D,E and F. 

They ſeem'd each of them a little creas'd or wrinckled, but E was 
very conſpicuoufly furrow'd, as if the inward make of this feed had beefi 
ſomewhat like that of a Lemmon alſo, but upon dividing ſeveral ſeeds 
with a very ſharp Pen-knife, and examining them afterward, I found 
their make to be in nothing but bulk differing from that of Peas,that is,to 
have a pretty thick coat,and all the reſt an indifferent white pulp, which 

ſeem'd very cloſe ; fo that it ſeems Nature does not very much alter her 
method inthe manner of inclofing and preſerving the vital Principle in 
the ſeed, in theſe very fmall grains, from that of Beans, Peas, G&*c; 

The Grain affords a very pretty Object for the vs ge. natnely, a 
Diſh of Lemmons plac'd in a very little room ; ſhould a Lemmon or Nut 
be proportionably magnify'd to what this ſeed of Tyme is,it would make 
it appear as bigg ava large Hay-reek,and it would be no great wondet to 
ſee Homers lies, and Homer and all, cramm'd into fuch a Nut-ſhell. We 
may perceive even in theſe ſmall Grains, as well as in greater, how curi- 
ous and carefull Nature' is in preſerving the ſeminal principle of Vege- 
table bodies, in what delicate, ſtrong and moſt convenient Cabinets 
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lays them and cloſes them in a pulp for their ſafer protetion from out- 
ward dangers, and for the ſupply of convenient alimental juice, when 
the heat of the Sun begins to ammate and 'move theſe little extomatons 
or Engines; as if ſhe would,fromthe ornaments wherewith ſhe has deckt 
theſe Cabinets, hint to us, that in them ſhe has laid up her Jewels 
and Maſter-pieces. And this, if we are but diligent in obſerving, we 
ſhall find her method throughout. There is no curioſity in the Elemental 
kingdom, 1fI may fo call the bodies of Air, Water, Earth, that are com- 
parable in form to thoſe of Minerals; Air and Water having no form at 
all, unleſs a potentiality to be form'd into Globules; and the clods and 
parcels of Earth are all irregular, whereas in Minerals ſhe does begin to 
Geometrize, and praGiſe, as 'twere, the firſt principles of Mechanicks, 
ſhaping them of plain regular figures, as triangles, ſquares, &c. and te- 
traedrons, cubes, ec. Bur none of their forms are comparable to the 
more compounded anesof Vegetables; For here ſhe goes a ſtep further, 
forming them both of more complicated ſhapes, and adding alſo multi- 
tudes of curious Mechanick contrivances in their ſtrufture;for whereas in 

Vegetables there was no determinate number of the leaves or branches, 

nor no exaCtly certain figure of leaves, or flowers,or ſeeds, in-Animals all 
thoſe things are exactly defin'd and determin'd; and where-ever there 
in way alas exceſsor defect q —_ —_ parts or {agg has 
e impediment that has ſpoil'd the principle which was moſt re- 

__ : Here weſhall find, not co moſt —- compounded ſhapes, 
= moſt ſtupendious Mechaniſms and contrivances, here the ornaments 
are in the higheſt perfeftion, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock ; nay,tothe —_ of any 
feather, as elſewhere ſhew 3 nor to that of the ſmalleſt and moſt deſpi- 
cable Fly. But I muſt not ſtay on theſe ſpeculations, though perhaps it 
were very well worth while for one that had a ſce what Informa- 

tion may be learn'd of the nature,or uſe,or virtues of bodies,by their ſeve- 

ral forms and various excellencies and properties. Who knows but Adam 

might from ſome ſuch contemplation, give names to all creatures? If at 

leaſt his names had any fignificancy in them of the creature's nature on 

which he impos'd itz as many (upon what grounds I know not) have 

ſuppos'd : And who knows,but the Creator may,in thoſe charaQers,have 

written and engraven many of his moſt myſterious deligns and counſels, 

and given' man a capacity, which, affiſted with diligence and induſtry, 

may be able to read and underſtand them. But not to multiply my di- 

preſſion more then I can the time, I will proceed tothe next, which is, 
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Obſerv, XXX. Of the Seeds of Poppy. 


"PHe-imnall {ceds of Poppy, which aredeſcribed in the 19. Scheme, both 
. + far: their maine, multiplicity and pretting&, as alſo for their ad- 
mirable ſoporifick quality, deſerve to be taken notice of among the 


4 other 


— 


Schem:XIX. 


F& 


. = 4 
LAD i 
WE bu 

" wy 
| f 

o@filllh'!\ 
f WOOL = 

; 
| Wl, ; 


» 
[4 


MickoGRAPHIA 1% 


other microſcopical ſeeds of Vegetables: For firſt, though they groiv ina 
Caſe or Hive oftentimes bigger then one of thefe Pictures of the #icrs- 
ſecopical appearance, yet axe they for the molt part ſo. very little, that they 
excced not the bnlk of a fmall Nitt, being not above 4 = of an Inch in 
Diameter, whereas the Diameter of the Hive of them oftentimes exceeds 
two Inches,ſo that it is capable of containing neer two hundred thonfand, 
and {6 in all Iikelthood does contain 2 vaſt quantity, though perhaps not 
that number. Next, for their prettineſs, they may be compar'd ro arry 
microſcopical ſeed 1 have yet ſeen; for they are of a dark browniſh red 
colour, curtonfly Honey-comb'd all over with a very pretty variety of 
Net-work, or a ſmall kind of nmboſment of very ordetly rais'd ri oF 
the finface of the looking not unlike the infide of a Beev's ftomack. Bul 
that which makes it moſt conſiderable of all, is, the medicmal virtues of 
it, which are ſuch as are not afforded ts by any Mineral preparation ; and 
that is for the procuring of ſeep, a thing as neceffary to the well-being 
of a creature as his meat, and that which refreſhes both the voluntary 
and raticnal faculties, which, whil (t this affeCtion has ſeis'd the body,are 
fot the moſt patt utinioy'd; and at reſt. And, tnethinks, Nature does 
ſeem to hint ſome very ttotable virtue or excellency in this Plant from the 
ctriofity it has beſtow'd apon it. Firſt, in its flower, it is of the higheſt 
ſcarlet-Dye, which is indeed the prime and chiefeſt colour, and fins Deicl 
in all Ages of the world moſt highly cfteem'd : Next, it has as much cu- 
riofity ſhew'd atſo m the trafk or caſe of the ſeed, as any one Plant T have 
yet tet withall ; and thirdly, the very ſeeds themſelves, the Microſcope 
diſcovers to be very euttotifly ſhap'd bodies; ahd laſtly, Nature has 
taken fuch abundant care for the propagation of it, that one ſingle ſeed 
= Iimoa Plant, is capable of bringing ſome hundred thoutands of 
ceds. 

It were very wotthy forhe able ttran's enquiry whether the intention of 
Narure, as to the ſecumdary end of Animal and Vegetable ſubſtances 
right rot be fornd out by fome fuch chatafters and notable impreſſions 
as theſe, or from divers other circumſtances, as the figure, colour, place, 
titne of flourifhin - ſpringing and fading, duration, taſte, ſmell, &c. For 
if fuch there are of afti'able Phyſician upon good grothds has given me 
cauſe to believe) we might then, infteed of ſtudying Herbals (where fo 
little is deliver'd of the virtues of a Plant, and leſs of truth) have re- 
courſe to the Book of Nature it ſelf; and there find the moſt natural, 
uſcfull, and. moſt efieftual and ſpecifick Medicines, of which we have 
ammotigſt Vegetables, two very noble Inſtances to incourage ſuch'a hope, 
the one of the Jeſuite powder tor the cure of intermitting Feaverr,and the 
other of the juice of Poppy for the curing the defect of fleeping, 
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Obſerv. XXX1. Of Purſlane-ſeed. 


T He Seeds of Purſiane ſeem of very notable ſhapes, appearing through 
the Microſcope ſhap'd ſomewhat like a nawtilus or Porcelane ſhell, ag 
may be ſeen in the XX. Scheme, it being a ſmall booys coyl'd round in 
the manner of a Spiral ; at the greater end whereof,which repreſents the 
mouth or orifice of the Shell, there is left a little white trantparent ſub- 
ſtance, like a ſkin, repreſented by BB BB, which ſeems to have been the 
place whereunto the ſtem was join'd. The whole ſurface of this Coclea 
or Shell, is cover'd over with abundance of little prominencies or buttons 
very orderly rang'd into Spiral rows, the ſhape of each of which ſeem'd 
much to reſemble a Wart upon a mans hand. The order, variety, and 
curioſity in the ſhape of this little ſeed, makes it a very pleaſant object 
for the Microſcope, one of them being cut aſunder with a "oO ſharp Pen- 
knife, diſcover'd this carved Caſket to be of a browniſh red, and ſome- 
what tranſparent ſubſtance, and manifeſted the inſide to be fill'd with a 
whitiſh green ſubſtance or pulp, the Bed wherein the ſeminal principle 
lies invelip'd. 

There are multitudes of other ſeeds which in ſhape repreſent or imi- 
tate the forms of divers other forts of Shells: as the Fed of Scurvy- 
graefs, very much reſembles the make of a Concha Yenerea,a kind of Purce- 
lane Shell ; others repreſent ſeveral ſorts of larger fruits, ſweat Marje- 
rome and Pot-marjerome repreſent Olives. Carret ſeeds are like a cleft 
of a Coco-Nut Huſk ; others are like Artificial things, as Succory ſeeds 
are like a Quiver full of Arrows, the ſeeds of Amaranth: are of an ex- 
ceeding lovely ſhape, ſomewhat like an Eye : The ſkin of the black and 
ſhrivled ſeeds of Onyons and Leeks,are all over knobbed like a Seals ſkin. 
Sorrel has a pretty black ſhining three-(quare ſeed; which is picked at both 
ends with three ridges, that are bent the whole length of it. It were al- 
moſt endleſs to reckon up the ſeveral ſhapes,they are ſo many and fo va- 
rious ; Leaving them therefore to the curious ubſerver, I ſhall proceed to 

theObſervations on the parts of Animals. 


— — — ——  —  — -  — 


Obſerv. XX X LI. :Of the Figure of ſeveral forts of Hair, tnd of 
the texture of the (kin. 0200 


lewing ſome of the Hairs of my Head with a very good Microſcope, 
I took notice of theſe particulars : 

I. That they were, for the moſt part, Cylindrical, ſome of them were 
ſomewhat Priſmatical,but generally they were veryneer round, ſuch as are 
reprefented in the ſecond Figure of the 5.8cheme,by the Cylinders EEE. 
nor could I find any that had ſharp angules. 

2. That 
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2, That that part which was next the top, was bigger then that which 


_ was neerer the root. 


3. That they were all along from end to end tranſparent, though nor 
very cleer, the end next the root appearing like a black tranſparent piece 
of Horn, the end next the top more brown, ſomewhat like tranſparent 
Horn. e 

4 That the root of the Hairs were pretty ſmooth, tapering inwards, 
almoſt like a Parſneb; nor could I find that it had any filaments, or any 
other veſſels, ſuch as the fibres of Plants. 

5. That the top when ſplit (which is common in long Hair) appear'd 
like the end of a ſtick, beaten till it be all flicter'd, there being not onely 
two ſplinters, but ſometimes half a ſcore and more. 

6. That they were all, as farr as I was able to find, ſolid Cylindrical 
bodies, not pervious, like a Cane or Bulruſh; nor could I find that they 
had any Pith, or diſtinction of Rind, or the like, ſuch as I had obſerv'd in 
Horſe-hairs, the Briſtles of a Cat, the 1ndian Deer's Hair, ec. 


Obſervations on ſeveral other ſorts of Hair, 


For the Briſles of a Hogg, I found them to be firſt a hard tranſparent 
horny ſubſtance, without the leaſt appearance of pores or holes init 3 and 
thigI try'd with the greateſt care I was able, cutting many of them with a 
very ſharp Razor, ſo that they appear'd, even in the Glaſs, to have a pret- 
ty fhooch ſurface, but ſomewhat waved by the ſawing to and fro of the 
Razor, as is viſible inthe end of. the Priſmratical body A of the ſame 
Figure 3 and then making trials with cauſing the light to be caſt on them 
all the various ways I.could think of, that was likely to make the pores 
appear, if there had beenany, I was not able to diſcover any. 

, the Figure of the Briſles-was very various, neither perfeCtly 
round, not. ſharp edg'd, but Priſmgtical, with divers ſides, and round 
angles, as appears in the _ A,'. The bending of them in any part 
where they before appear'd cleer, would all flaw them, and make them 
look white, | 

The Muſtacheos of a Cat (part of one of which is repreſented by the 
ſhort Cylinder B of the ſame Figure) ſeem'd to have; all of them that I ob- 
ſerv'd,a large pith in the middle, like the pith of an Elder, whoſe texture 
was fo cloſe, that I was not able to diſcover the leaſt fign of pores; and 
thoſe parts which ſeerh to be pores;as they appear d in one potion tothe 
light, in anotherT could find a manifeſt reflectiqm to be caſt from them. 

ThisI inſtance in,to hint that it is not ſafe to conclude any thing tobe 
poſitively this or that, , though it appear never ſo plain and likely when 
Igok'd on with a Microſcope in one poſture, before the ſame be examin'd 
by placing it in ſeveral other poſitions, TE 

And this I take to be the reaſon why many have believed and aſſerted 
the Hairs of a man's head to be hollow, and like ſo many ſmall pipes per- 
forated from end to end. 

Now, though I grant that by an Analogie one may ſuppoſe them ſo, 
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and from the Poloniax diſeaſe one may believe them fach, yet think we 
have not the leaſt encouragement to either from the A47croſcope, much leſs 
poſitively to aflert them fuch. And perhaps the very eflence of the Plice 
Polonica may be the hairs growing hollow, and of an unnatural cor- 
ſtitution. 

And as for the Analogie, thoughI am = enough to think that the hairs 
of ſeveral Animals may be perforated ſomewhat like a Cane, of at leaſt 
have a kind of pith in them, firſt, becauſe they ſeem as'twere a kind of Ve- 
getable growing on an Animal, which growing,they fay, remains a long 
while after the Animal is dead, and therefore ſhould like other Vege- 
tables hayea pith 3 and ſecondly, becauſe Horns and Feathers, and Por- 
cupine's Quils, and Cats Briſles, and the long hairs of Horſes, which come 

y neer the nature of a mans hair,ſeem all of them to have a kind of pith, 

ſome of them to be porous, yet I think it not (in theſe caſes, where we 
have ſuch helps for the ſenſe as the Microſcope affords) ſafe conchadi 
or building on more ther} we ſenſibly know, fince we may,with cxatni- 
ning, find that Nature does in the make of the ſame kind of ſubſtance, 
often vary her method in franing of it :\Inftances enough to confirm this 
we may find in the Horns of ſeveral creatures: as what a vaſt difference 
is there between the Horns of an Oxe, and thoſe of ſome ſorts of Staggs 
4s to their ſhape? and even in the hairs of ſeveral crearures, we a 
vaſt difference; as the hair of a man's head ſeems, as I ſaid before, long, 
Cylindrical and fometime a little Priſmatical, ſolid or impervious, and 
ſmall ;z the hair of an 1»dian Deer (a part of the middle of which is 
deſcribed in the third Figure of the fifth S:hexve, marked with F) is big- 
ger in compaſs through all the middle of it,then the Brille of ati Hogg,but 
the end of it is ſmaller: then the hair of any kind of Animal (as may be 
ſeen by the Figure G) the'whole belly of it, which is about two or three 
Inches long. looks to' the eye likea thread of courſe Canyak, that has 
beennewly unwreath'd, it being all wav'd or bended toand fro, much 
45 after that manner, bur through the 247croſcope, it appears all perforated 
from fide ro ſide,and Spongic, like a-ſnial} kind of fpongy Coral, which is 
often found upon the Ergliſb ſhores; but though I cut it tranfverfly, 1 
could not perceive- that it had any pores that ran the long-wy of the 
hair: the long hairs of Horſes CC and D, ſeen Cylindricaland fomewhat 
pithy ; the Bri{les of a Cat B, are conical and pithy: the Quif'of Por- 
cupines and Hedghoggs, being cut tranſverlly, have a whitiſh pith, im the 
manner of a Starr,or Spur-rowel : Piggs-hair ( A) is foriewhat'#fugoral, 
and ſcems to have neithep pich-nor pore : And other kinds of hair have 
quite a differing ſtructure and form. And therefore I think'it' no way 
agreeable to a true natural Hiſtorian, to pretend to be fo fhatp-fighted, 
as to ſee what 4 pre-coriceiv'd Hypotheſis tells them ſhould be there, where 
another man, though perhaps as ſeeing, but not foreſtalld, ean diſcover 
ho ſuch rharter. | | ; 

But to dz kobſerv'd ſeveral kind of hairs that had beenDyed, 
and found them to be a kind of horny Cylinder, being of taweh about the 
traoſparency of: a pretty oleer pievc of Oxc horts ; theſe oy tho 
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throughout"ting'd with the colours they exhibited, And -tis Jikely,that 
thoſe hairs being boy1'd or ſteep d jn thole very hot ting'd liquors 1n the 
Dye-far, And the ſubſtance of the hair being much. like chat of ap Oxe$ 
Horn, the penetrant liquor does ſo far mollifie and ſoften the ſubſtance 
that it ſinks 1nto the very cepter of it, and ſo the ting/d parts came tp bs 
mix'd and united with the very body of the hair,and dg not (as; om have 
thought) only ſtick on upon the gutward ſurface, And thjs,the Koiliog F 
Horn will make moze probable z far we ſhall hnd by that aftign, that th 
water will infinuate, x felt to a. pretty depth OK ON the furface of it 
eſpecially if this penetrancy of the water be, much helped bythe Salt 
that are uſyally mix'd with the Dying Jiquors. Now, whereas Silk may 
be dyed or ting'd into all kind of colpurs without boiling or di ping Tn 
to hot liquors, I ghels the reaſon to be,two-fold,: Firſt, Ar, the hla- 
ments, or ſmall cylinders of Silk, axe abundantly ſmaller and finer, and [6 
have a much leſs depth to be penetrated then moſt kind of hairs ;. an: 
next, becauſe the ſubſtance or matter of Silk, is. much more like a Glew 
then the ſubſtance. of Hair is. And that 1 have reaſon to ſuppoſe ; 
Firſt, becauſe when it is ſpun or drawn out of the Worm, it js a perfe&F 

Jutinous ſubſtance, and very ealily (ticks and cleayes to any adjacent 
dy, as I have ſeyeral times obſerved, both in Silk-worms and Spiders, 
Next, becauſe that I find that water does ealily dillolve and racllie the 
ſubſtance again, which is evident from their manner of oxgeri thoſe 
bottoms or pods of the Silk-worm before they are BE to unwind them, Tt 
is no great wonder therefore,it thoſeDyes or ting'd liquors dq very quick- 
ly mollifie and tinge the ſurtaces of fo {mall and ſo glutinous a body, 
And we need not wonder that the colours appear © Toavels in the on 
and fo dyll-in the, other, if we view but the ting'd cylinders of both 
kinds with a good Afiereſcepe 3 for whereas the ſubſtance of Hair,at beſts 
but a dirty dufkiſh white ſomewhat tranſparent, the filaments of Silk haye 
a molt lovely tranſparency and cleerneſs, the difference between thoſe 
two being not much leſs then that betweena picee of Horn, and a plece 
of Cryſtal z the one yielding a bright and Lars pk" 2 from the con- 
cave {ide of the cylinder, that is, from the concave ſurface of the Air 
that ntecgate the back-part of the cylinder ; the other yie] inga dull 
and pertur 'd refletion from the ſeycral Heterogeneous parts that com- 
poſe it. And this difference will be manifeſt enqugh to theeye,if you geta 
couple of {mall Cylinders, the ſmaller of Cryſtal Glaſs, the a oh orn, 
and then varniſbing them oyer yery thinly with ſome tranſparent colour, 
-Which will repreſent to the naked eye much the ſame kind of obje@ which 
is repreſented to it fromthe filaments of Silk and Hair by the help of the 
Microſcope. Now, ſince the threads of $ilk and Serge aremadeup of a 
great number of thefe filaments, we.may hencefppth. ceaſe to wander at 
the difference. From mych the {ame reaſon proceeds the yivid and loye- 
ly colours of Feathers, wherein they very. fars exceed the natural as well 
as Artificial colours of haix,of which I ſhall ſay mpre in its proper. plage. 
The Teguments indeed of creatures are all of them adapted to the pe- 
Euliar uſe and convenience of that Animal which they inwraps and ve 
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much alſo for the ornament and beauty of it, as will be moſt evident to 
any one that ſhall attentively conſider the various kinds of cloathings 
wherewith moſt creatures are by Nature inveſted and cover'd. Thus I 
have obſerved, that the hair or furr of thoſe Northern white Bears that 
inhabite the colder Regions, is execeding thick and warm : the like have 
I obſerv'd of the hair of a Greenland Deer, which being brought alive to 
London,l had the opportunity of viewing 3 its hair was ſo exceeding thick, 
long and ſoft, that I could hardly with my hand, graſp or take hold of 
his ſkin, and it ſeem'd ſo exceeding warm, as I had never met with any 
before. And as for the ornamentative uſe of them, it is moſt evident in a 
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein 
Deer, &c. but for the ſhape, as in Horſes manes, Cats beards,and ſeveral 
other of the greater ſort of terreſtrial Animals, but is much more conſpi- 
cuGus, in the Veſtments of Fiſhes, Birds, Inſects, of which I ſhall by and 
by give ſome Inſtances. 

As for the ſkin, the Microſcope diſcovers as great a difference between 
the texture of thoſe ſeveral kinds of Animals, as it does between their 
hairs; but all that I have yet taken notice of, when tann'd or drefs'd, are 
of a Spongie nature, and ſeem to be conſtituted of an infinite company 
of ſmall long fibres or hairs, which look not unlike a heap of Tow or 
Okum 3 every of which fibres ſeem to have been ſome part of a Muſcle, 
and probably, whil'ſtthe Animal was alive, might have its diſtin& funQi- 
on, and ſerve for the contraQtion and relaxation of the ſkin, and for the 
ſtretching and ſhrinking of it this or that way. 

And indeed, without ſuch a kind of texture as this, which is very like 
that of Spurk, it would ſeem very ſtrange, how any body ſo ſtrong asthe 
ſkin ofan Animal ufually,is, and ſocloſe as it ſeems, whil'ſt the Animal is 
living, ſhould be able to ſuffer ſo great an extenſion any ways, without at 
all hurting or dilacerating any part of it. But,fince we are inform'd by the 
ne {o that it conſiſts of a great many ſmall filaments, which are im- 

licated, or intangled one within another, almoſt no otherwiſe then the 

airs in a lock of Wool, or the flakes in a heap of Tow, though not alto« 

ether ſo looſe ; but the filaments are here and there twiſted,as twere,or 
interwoven.,and here and there _ join and unite with one another,ſo as 
indeed the whole ſkin ſeems to be but one piece,we need not much won- 
der:And though theſe fibres appear not through aMicroſcope,exattly joint- 
ed and contex d,as in Sponge 3 Jong I formerly hinted, Iam apt tothink, 
that could we find ſome way of diſcoyering the texture of it, whil'ſt it in- 
veſts the living Animal,or had ſome very eafie way of ſeparating the pulp 
or intercurrent juices, ſuch as in all probability fill thoſe Imterſt:tia, with- 
out dilacerating, bruſing, or otherwiſe ſpoiling the texture of it (as it 
ſeems. to be very much by the ways of tanning and drefling now uid) we 
might diſcover a much more curious texture then I have hitherto 
able to find ; perhaps,ſomewhat like that of Sponges. 

' That of Chameiſ Leather is indeed very much like that of Spunk, fave 
onely that the laments ſeem nothing neer ſo even and round, nor alto- 
gether ſo ſmall, nor has it ſo curious joints as Spxxk, has, ſome of _ 
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have lately diſcover'd like thoſe of a Sponge, and perhaps all theſe thtee 
bodies may be of the ſame kind of ſubſtance, though two of them indeed 
are commonly accounted Vegetable -({ which , whether they be. fo or 
po, I ſhall not now diſpute) But this ſeems common to all three, that 
they undergo a tanning or drefiing, whereby the interſpers'd =-_— are 
waſted and waſh'd away before the texture of them can be diſcover'd. 

What their way is of dreſling, or curing Sponges, I confeſs, I cannot 
learn; but the way of dreſſing Spnrk, is, by _—_— it a good while in a 
ſtrong Lixivinm, and then beating it very well 3 and the manner of dre(- 
fing Leather is ſufficiently known. | 

It were indeed extremely deſirable, if ſuch a way could be found 
whereby the. Parenchyma. or fleſh of the Mulcles, and ſeveral other 
parts of the bod,ymight be waſh'd, or wafted ctean away,without vitia- 
ting the form of the fibrozs parts or veſlclls of it, for hereby the texture 
of thoſe parts, by the help of a good Microſcope, might be' moſt 'arcu- 
rately found. 

But to digreſs no further, we may, from this diſcovery of the Micro- 


ſeope, plainly enough underſtand how the ſkin, though it looks ſocloſe 


as it does, comes to givea paſlage to fo vaſt a quantity of excrementitious 
ſubſtances, as the diligent Sau@orizs has excellently obſerved it to do, in 
his #redicina ftatica ;, for it ſeems very probable, from the «exture after 
dreffing.that there are an infinit of pores that every way pierce it,and that 
thoſe poresare onely fill'd with ſome kind of juice, or ſome very pulpy 
ſoft hoflrace, and thereby the ſteams may almoſt as eafily find a paſſage 
through ſuch a fluid wehicle as the vaporous bubbles which are generated 
at the bottom of a Kettle of hot water do find a paſſage through that 
fluid wediam into the ambient Air. «+ 


Nor is the ſkin of animals only thus pervious,but even thoſe of vegetables 


alſo ſeem to be the ſame;for otherwiſe I cannot conceive why,it two ſprigs 
of Roſemary (for Inſtance) be taken as exactly alike in all particulars as 
can be, and the one be ſet with the bottom in a Glaſs of water, and the 
other be ſet juſt without the Glaſs,but in the Air onely, though you ſtop 
the lower end of that in the Air very carefully with Wax, yet ſhall it 
preſently almoſt wither, whereas the other that ſeems to have a ſupply 
from the ſfubjacent water by its ſmall pipes, or ##icroſcopical pores, pre- 
ſerves its greenneſs for many days, and ſometimes weeks. 

Now, this to me, ſeems not likely to proceed fromany other cauſethen 
the avolation of the juice through the ſkin; for by the Wax,all thoſe other 
pores;of the {tem are very firmly and cloſely ſtop d up. And from the more 
or leſs porouſneſs of the ſkins or rinds of Vegetables may, perhaps, be 
ſomewhat of the reaſon given, why they keep longer green, or ſooner wis 
ther; for we may obſerve by the bladdering and craking ofthe leaves of 
Bays,Holly, Laurel, &-c. that their ſkins are very cloſe, and do not ſuffer 
ſo free a paſſage through them of the included juices. 

But of this, and of the Experiment of the Roſemary, I ſhall elſewhere 
more fully confider,it ſeeming to me an extreme luciterous Experiment, 
ſuch as ſeerns indeed very plainly to _ the Schematiſne or Pg” 
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of Vegetables altogether mechanical, and as neceſſary, that (water and 
warmth being apply'd to the bottom of the ſprig of a Plant) ſome of it 
ſhould be carried upwards into the ſtem, and thence diſtributed into the 
leaves, as that the water of the Thames covering the bottom of the Mills 
at the Bridge foot of Loxdon, and by the ebbing and flowing of it, paf- 
fling ſtrongly by them, ſhould have ſome part of it convey'd to the 
Celterns above,and thence into ſeveral houſes and Ceſterns up and down 
the City. 


| — — 


Obſery. KXX1T1, Of theScales of a Soal, and other Fiſhes. 


Aving hinted ſomewhat of the ſkin and covering of terreſtrial Ani- 

mals, I ſhall next add an Obſervationl made on the ſkin and Scales 
of a $Soal, a ſmall Fiſh, commonly enough known ; and here in Fiſhes, as 
well as other Animals, Nature follows its uſual method, framing all parts 
fo, as that they are both uſcful} and ornamental in all its compotures, 
mingling «tile and dulce together ; and both theſe deſigns it ſeems to 
follow,though our unaſhiſted ſenſes are not able to peceive them : This is 
not onely manifeſt in the covering of this Fiſh only, but in multitudes of 
others,which it would be too long to enumerate, witneſs particularly that 
ſmall Sand Shell, which I mention'd in the X I. Obſervation, and infinite 
other ſmall Shells and Scales, divers of which I have view'd. This ſkin 
view'd, was flead from a prettylarge $oal, and then expanded and dry'd, 
the inſide of it, when dry, to the naked eye, look'd very like a piece of 
Canvaſs.but the Afcroſcope diſcover'd that texture to be nothing elfe,but 
the inner ends of thoſe curious Scolop'd Scales I, LI, in the ſecond Figare 
of the X X1. Scheme, namely, the part of GG GG (ot the larger repre- 
ſentation of a fingle Scale, in the firſt Figure of the ſame Scheme) which 
on the back fide, through an ordinary fingle Magnifying Glaſs, look'd 
not unlike the Tyles-on an houſe. | 

The outſide of it, to the naked eye, exhibited nothing more of orna- 

ment, ſave the uſual order of ranging” the Scales into a triagorel:form, 
onely the edges ſeem'd a little to ſhine, the finger being rubb'd fromthe 
tail-wards towards the head, the Scales ſeem'd to {tay and raze it; Bnt 
through an ordinary. Magnifying glaſs, it exhibited a moſt curiouſly 
— and adorned ſurface, fuch as is viſible in.the ſecond Figure, each 
of thoſe (formerly almoſt imperceptible) Scales appearing much of the 
ſhape'E I, 1, that is, they were round, and protuberant, and ſomewhat 
ſhap'd like a Scolop, the whole Scale being creasd with curionutly wav'd 
ny indented ridges,with proportionable furrows betweenzeach of which 
was terminated with a wy ſharp tranſparent bony ſubſtance, which, like 
fo many ſmall T urnpikes, ſeem'd to arm the eflges. 


The back part KKK was the ſkin into which each of theſe Scales 
were very deeply fix'd, inthe curious regular order, vilible ia the ſecond 
Fienre, 
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Fignre. The length and ſhape of the part of the Scale which was buried 
by the {kin,is evidenced by the firſt Figure; which is the repreſentation of 
one of them pluck'd out and view'd through a good Microſcope, namely, 
the part LFG GEL, wherein is alſo more plainly to be ſeen,the manner 
of carving of the {colopt part of every particular Scale,how each ridge or 
barrEEE is alternately hollowed or engraven, and how every gutter 
between them is terminated with yery tranſparent and hard pointed: 
ſpikes, and how every other of theſe, as AA AA, are much longer then 
the interjacent ones, D D D. 

The texture or form alſo of the hidden part appears, namely, the 
middle part, GGG, ſeems to conliſt of a great number of ſmall quills 
or pipes, by which, perhaps, the whole may be nouriſhed ; and the ide 
parts F F conſiſt of a more fibrous texture, though indeed the whole 
Scale ſeem'd to be of a very tough grilly ſubſtance,like the larger Scales 
of other Fiſhes. . 

The Scales of the ſkin of a Dog-fiſh (which is us'd by ſuch as work in 
Wood,for the {ſmoothing of their work,and conſiſts plainly enough to the 
naked eye,of a great number of ſmall horny points)through the Microſcope 
appear'd each of then curioutly ridg'd, and very neatly carved; and in- 
deed, you can hardly look on the ſcales of any Fiſh, but you may diſcover 
abundance of curiofity and beautifying; and not only in theſe Fiſhes,but in 
the ſhells and cruſts or armour of moſt forts of Marine Animals fo inveſted; 


— —— 


Obſerv; XX X1V. Of the Sting of a Bee, 


= Sting of a Bee, delineated in the ſecond Figure of the XVI. Scheme, 
ſeems to be a weapon of offence, and is as great an Inſtance, that 
Nature did realy intend revenge as any, and that firſt, becauſe there 
ſeems to be no other uſe of it. Secondly, by reaſon of its admirable ſhape, 
ſeeming to be purpoſely ſhap'd for that very end. Thirdly,from the vi- 
rulency of the liquor it ejedts, and the fad effects and ſymptoms that fol- 

low it. | 
But whatever be the uſe of it,certain it is,that the ſtructure of it is very 
admirable ; what it appears to the naked eye, I need not deſcribe, the 
thing being known almoſt to every one, but it appears through the Afzcro- 
ſcope, to confiſt of two parts, the one a ſheath, without a chape or top, 
ſhap'd almoſt like the Holſter of a Piſtol, beginning at d, and ending 
at 6, this ſheath I could moſt plainly perceive to be hollow, and to con- 
tain in it, both a Sword or Dart, and the poiſonous liquor that cauſes the 
pain. The ſheath or caſe ſeem'd to have ſeveral joints or ſettings together, 
marked byfghikl mn, it was arm'd moreover neer the top, with ſe- 
veral crooks or forks ( pqrſt) on one ſide, and (pqrſt#) on the other, 
each of which ſeem'd like ſo many Thorns growing on a brtar, or rather 
like ſo many Cat's Claws; for the crooks themſelves ſeem'd to be little 
ſharp tranſparent points or claws, growing _ of little protuberancies = 
2 tne 
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the ſide of the ſheath, which, by obſerving the Figure diligently, is eafie 
enough to be perceiv'd ; and from ſeveral} SEm—_ I ſuppoſe the Ani- 
mal has a power of diſplaying them, and ſhutting them in again as it 
pleaſes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. 

The other part of the Sting was the Sword, as 1 may fo call it, which 
is ſheath'd, as1t were,in it, the top of which ab appears quite through at 
the ſmaller end, juſt as if the chape of the ſheath of a Sword were loſt, 
and the end of it qo” beyond the Scabbard ; the end of this Dart(a) 
was very ſharp, and it was arm'd likewiſe with the like Tenterhooks or 
claws with thoſe of the ſheath, ſuch as ( vxy, xy zz) theſe crooks, I am 
very apt to think, can be clos'd up alſo, or laid flat to the fides of the 
Sword when it is drawn into the Scabbard.as I have ſeveral times obſery'd 
it to be, and can be fpred again or extended when ever the Animal 

leaſes. 
: The conſideration of which very pretty ſtrudture,has hinted to me,that 
certainly the uſe of theſe claws ſeems to be very conſiderable, as tothe 
main end of this Inſtrument, for the drawing in, and holding the ſting in 
the fleſh ; for the point being very ſharp, the top of the Sting or Dagger 
(ab) is very eafily thruſt into an Animal's body,which being once entred, 
the Bee, by endeavouring to pull it into the ſheath, draws (by reaſon of 
the crooks (vxy) and (xy2z) which lay hold of the ſkin on either 
fide) the top of the ſheath ( / rv) into the {kin after it, and the crooks 
#,s, and r,v, being entred, when the Bee endeavours to thruſt out the 
top of the ſting out of the ſheath again, they lay hold of the {kin on ei- 
ther (ide, and ſo not onely keep the ſheath Gout ſliding back, but helps 
the top inwards, and thus, by an alternate and ſucceſlive retracting and 
emitting of the Sting in and out of the ſheath, the little enraged creature 
by degrees makes his revengfull weapon pierce the tougheſt and thickeſt 
Hides of his enemies, in ſo much that ſome few of theſe ſtout and reſo- 
lute ſoldiers with theſe little engines, do often put to flight a huge maſty 
Bear, one of their deadly enemies, and hereby ſhew the world how 
much more conſiderable in Warr a few ſkilfull Engineers and reſolute 
ſoldiers politickly order'd, that know how to manage ſuch engines, are, 
then a vaſt unweildy rude force, that confides in, and atts onely by, its 
{trength. But (to proceed) that he thus gets in his Sting into the ſkin, 
I conjecture, becauſe, when I have obſerv'd this creature living, I have 
found it to move the Sting thus, to and fro, and thereby alſo, perhaps, 
does, as twere, pump or force out the poiſonous liquor, and make it 
hang at the end of the ſheath about þ in a drop. The crooks, I ſuppoſe 
alſo to be the cauſe why theſe angry creatures, haſtily removing them- 
ſelves from their revenge, do often leave theſe weapons behind them, 
ſheath'd, as 'twere, in the fleſh, and, by that means, cauſe the painfull 
ſymptoms to be greater,and more laſting, which are very probably caus'd, 
pop by the piercing and tearing of the ſkin by the Sting, but chiefly 

y the corroſive and poiſonous liquor that is by this Syringe-pipe con- 
vey'd among the ſenſitive parts thereof and thereby more eatily none 
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andtorrodes thoſe tender fibres 7 As I have ſhewed in the deſcription 
of a-Nettle atid of Cowhage. We 


Obſerv, XX XV. Of the contexture and ſhape. of the particles of 
Feathers. | i 


*Xawining ſeveral ſorts of Feathers, I took notice of theſe particulars 
in all ſorts of wing-Feathers, eſpecially in thoſe which fery'd for the 
beating of the air in the action of flying, " vt | 
That the outward ſurface of the Quill and Stem was ofa very hard,ſtif, 
and horny ſubſtance, which is obvious enough, and: that the part. aboye 
the Quill was fill'd with a very white and light pith, and; with the 4cro- 
ſcope, I found this pith to be nothing elſe, but a kind of natural. congeries 
of (mall bubbles,the films of which feem to be of the ſame ſubſtance with 
that of the Quill, that is, of a (tiff tranſparent horvy ſubſtance. 

Which particular ſeems to me,very worthy a more ferious conſiderations 
For here we may obſerve Nature,as 'twere,put to its ſhifts, to make a fub-" 
ſtance,which ſhall be both light we {tiff and ſtrong,without 
varying from its own cſtabliſh'd principles, which we-may obſerve to be 
ſuch, that very ſtrong bodies are for the molt part very heavie alſo, a 
ſtrength of the parts uſually requiring a denſity, and a denſity a gravity z 
and therefore ſhould Nature have made a body ſo broad and fo ſtrong as 
a Feather, almoſt, any other way then what it bas taken, the gravity of it 
mult neceſſarily have many times exceeded this; for this pith ſeems to be 
like ſo many ſtops or ol pieces in a long optical tube, which do'very 
much contribute to the ſtrength of the _—_ the pores of which were 
ſuch, as that they ſeem'd not to have any communication with one ano- 
ther, as I have elſewhere hinted. 

But the Mechaniſm of Nature is uſually fo excellent, that one and the 
fame ſubſtance is adapted to ſerve for many ends. For the chief uſe of 
this, indeed, ſeems to be for the ſupply of nouriſhment to the downy or 
feathery part of the ſtem ; for 'tis obvious enough in all forts of Feathers, 
that 'tis plac'd juſt under the roots of the branches that grow out of ei- * 
ther fide of the quill or ſtalk, and is exactly ſhap'd according to the rank- 
ing of thoſe branches, coming no lower into the quill, then juſt the be- 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thoſe branches do fo. Now. in a ripe Feather (as one 
may call it) it ſeems difficult to conceive how the Sxccas nutritis ſhould 
be convey'd to this pith; for it cannot, I think, be well imagin'd to paſs 
through the ſubſtance of the quill, fince, having examin'd it with the 
greateſt diligence I was able, I could not find the leaſt appearance of 
pores; but he that ſhall well examine an unripe or pinn'd Feather, will 
plainly enough perceive the Veſſel for the conveyance of it tobe the thin 
filmy pith (as tis call'd) which paſſes through the middle of the quill. 

As forthe make and cqntexture of the Down it ſelf, it is indeed very 
rare 
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rareand admirable; and ſuch asI can hardly believe,that the likeis to be 
diſcover'd in any other body in the world ; for there -is hardly-a large 
Feather inthe wing of a Bird.but contains neer a million of diſtinCt parts, 
and every one of them ſhap'd in a moſt regular & admirable form,adapt- 
edto a particular Deſign : For examining a middle ciz'd Gooſe-quill, I 
eafily enough found with my naked eye,that the main ſtem of it contain'd 
about 3oo. longer and more Downy branchings upon one fide; arid as 
many on the other of more ſtiff but ſomewhat ſhorter branchings. Many 
of theſe long and downy branchings, examining with an ordinary 245- 
croſcope, 1 found divers of them to contain neer 1200. {mall leaves (as I 
may call them, ſuch as EF of the firſt Figure of the 23. Scheme) and as 
many ſtalks ; on the other fide, ſuch as I K of the ſame Figure, each of 
the leaves or branchings, E F, ſeem'd to be divided into about fixteen or 
eighteen ſmall joints, as may be ſeen plainly enough in the Figure, out of 
molt of which there ſeem to grow {mall long fibres, ſuch as are expreſs'd 
inthe Figure, cach of them very proportionably ſhap'd according to its 
poſition, or plac'd on the ſtalk E F ; thoſe on the under fide of it, name- 
ly, 1,2, 3,4, 526, 7, 8, 9, &c. being much longer then thoſe direQly op- 
polite to them on the upper 3 and divers of them, ſuch as 2,3,4,5,6,7,8,9, 
&-c. were terminated with ſmall crooks, much reſembling thoſe ſmall 
crooks,which are viſible enough to the naked eye, in the ſeed-buttons of 
Bur-docks. The {talks likewiſe. I K on the other fide, ſeem'd divided into 
neer as many ſmall knotted joints,but without 7 appearance of ſtri 
or crooks,cach of them about the middle K,ſeem'd divided into two parts 
by a kind of fork, one fide of which, namely, K L, was extended neer 
the length of KI, the other, M, was very ſhort. 

The tranſverſe SeCtions of the ſtems of theſe branchings, manifeſted 
the ſhape or figure of it to be much like I N O E, which conſiſted of a 
horny ſkin or covering, and a white ſeemingly frothy pith, much like the 
make of the main ſtem of a Feather. 

The uſe of this ſtrange kind of form,is indeed more admirable then all 
the reſt, and ſuch as deſerves to be much more ſerioully examin'd and 
confider'd, then T have hitherto found time or ability to do; for certain- 
ly; it may very much inſtruct usin the nature of the Air, eſpecially as to 

ome properties of it. 

The ſtems of the Downy branches IN OE, being rang'd in the order 
viſible enough to the naked eye, at the diſtance of I F, or ſomewhat 
more, the collateral ſtalks and' leaves (it I may fo call thoſe bodies I new- 
ly deſcribed) are ſo rang'd, that the leaves or hairy ſtalks of the one fide 
lie at top, or are incumbent on the ſtalks of the other, and croſs each ., 
other, much after the manner expreſs'd in the fecond Figure of the 
23. Scheme, by which means every of thoſe little hooked fibres of the 
leaved ſtalk get between the naked ſtalks, and the ſtalks being full of 
knots, and a prety way diſ-join'd, ſo as that the fibres can cafily get be- 
tween them, the two parts are ſocloſely and admirably woven together, 
that its able to impede,for the greateſt paxt, the trauſcurſon of the Air 3 
and though they are ſo exceeding ſmall, as that the thickneſs of one vo 
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| theſe ſtatks amounts not to a 500. parr of air Inch, yetdothey compoſe 
* {© firong atexture, as; notwithſtanding the exceeding quick and viotene 
| beating of themagamit the Air, by the ftrength of the Buds wing, they 
” firmly hold together. And argues aw ciulireditbeotienprotilanis 
” inthe contrivance and fabrick of them; for that: texture is fuck, -rhao 
though b external injury the parts of themvare 'viokehthy diſzoyaſd; 
fas - "a (SE and ftalkstonch not one another, and. SA Fr : 
* fevera}of theſe rents would tmpede the Bird'stiying z yet; Fmge arms. 
© part; of themſelves they readily re-join and re-contex themiclves,and are 
4 pby the Birds ataking the Feather, or drawing i througlvits Bil), at 
* ofthem ſetticd and'/woven into their former arid natural poſture ; for 
* chere are fuch aninfinite company of thoſe fmall ghres im the under fide 
- of the leaves, and moſt of them have ſuch little crooks at:their ends,that 
4 «x zeadily catchand hold the ftalks they tonch-/: © 1 
© ii: From which ftrange .contexture,it feens rational to fuppale that there 
| is certain kind:of meth or hole ſo tmal}, that the Air'will not very ea 
OA it, as Thinted allo in the fixth Obſervation about {mill 'Gha 
. es, for otherwiſe it ſeems probable, that Nature would have drawn 
over:fome kind: of thm film which ſhould have covered alt thoſe atmoft 
: meſhes or holes, there ſceming through the 46eroffope to be more 
thn balf of theſurface of the Feather which is open! and viſibly peryi- 
” ons; which conjequre will yet feerm mare probable from the idebaf 
” the bruſhie wings of the Tinea argented, or white Felther wing'd morh; 
which [ ſhaltanane (deſcribe. Bur Narure, that knows belt its own laws 
” arid the ſeveral properties of bodies, knows allo beſt how to adapt and 
* 'themto her defigned ends,and whoto would know thoſe properties, muft 
endeavour to trace Nature inits working, 'and to ſee what courſe fhe 
obſerves. And this I fuppote will be no incontiderable advantage which 
” the Schematiſars and. Strudtures: of Animate bodies will afford the diljs 
: t enquirer, namely, moſt fure and excellent inftruttions, both: as'ro 
Z cs practical part of Mecharichs and to the Theory and knowtedge bf the 


” nature of the bodies and motions. 
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| Obſery. XXXV1. Of Peacoks, Ducks, and other Fearhers of 
| .. changeable colours. 


1 4k He parts of the Feathers of this glorious Bird. appear, through the 

© 17>. Microſcope, no leſs gaudy then do the whole Feathers; for, as to the 
naked eye 'tis evident that the ſtem or quill of each Feather1in the rail 
ſends out multitudesof Later! branches, ſuch as A Bin the third Figure 

- of the 23. Scheme repreſents a {mall part of about part of an Fnch long; 

and cach of the /atera/ branches emit multirndes of little fprigs, threa 

8 or hairs oncither ſide of them, fuchas CD, CD, CD, fo eachof thofe 

= threads inthe Afzcroſcope appears large long body,conkiting of a _ 
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tude of bright refleCting parts, whoſe Figure 'tis no eaſfie matter to de- 
termine, as he that examines it ſhall find ; tor every new poſition of it to 
the light makes it perfe&ly ſeem of another form and ſhape,and nothing 
what it appear'd a little before; nay, it appear'd very differing oft- 
times from b ſeemingly inconfiderable a circumſtance, that the mnter- 
poling of ones hand between the light and it,makes a very great change, 
and the opening or ſhutting a Caſement and the like, very much diverf- 
fies the appearance. And though, by examining the form of it very man 
ways, which would be tedious here to enumerate, I ſuppoſe I have dif 
cover'd the true Figure of it, yet oftentimes, upon looking on it in ano- 
ther poſture, I have almoſt thought my former obſervations deficient, 
though indeed, upon further examination, I have found even thoſe alſo 
to confirm them. 

Theſe threads therefore I find to be a congeries of ſmall Lamine or 
plates, as ee eee, &c. each of them ſbap'd much like this of « b c d, in 
the fourth Figvre, the part 4 c being a ridge, prominency, or ſtem, and 
b and d the corners of two ſmall thin Plates that grow unto the ſmall 
ſtalk in the middleo that they make a kind of little teather; each of theſe 
Plates lie one cloſe to another,almoſt like a company of ſloping ridge or 

utter Tyles; they grow on each {ide of the ſtalk oppoſite to one another, 

y two'and two, from: top to bottom, in the manner expreſs'd in the 
fifth Figure, the _ of the lower covering the roots of the next aboye 
them; the under fide of each of theſe laminated bodies, is of a very dark 
and opacous ſubſtance, and ſuffers very few Rays tobe trajetted, but re« 
fie&s them all toward that fide from whence they come, much like the 
foil of a Looking-glaſs z but their upper ſides ſeem to me to confiſt of 
a multitude of thin plated bodies, which are exceeding thin, and lie ve- 
ry. cloſe together, and thereby, like mother of Pearl ſhells, do not one- 
ly refle& a very briſk light, but tinge that light in a moſt curious man- 
ner; and by means of various poſitions, in reſpect of the light, they re- 
fle& back now one colour, and then another, and thoſe moſt vi- 
vidly. | 

- that theſe colours are onely fantaſtical ones, that is, ſuch as ariſe 
immediately from the refraCtions of the light, I fonnd by this, that water 
wetting theſe colour'd parts,deſtroy'd their colours, which ſeem'd to pro- 
ceed from the alteration of the refletion and refraftion: Now, though 
I was not able to ſce thoſe hairs at all tranſparent by acommon light, yet 
by looking on them againſt the Sun, I found them! to be ting'd with a 
darkiſh red colour, nothing a-kin to the curious and lovely greens and 
blues they exhibited. | . | | F 1 

What the reaſon of colour ſeems to be in ſuch thin plated bodies, I 
have elfewhere ſhewn. But how water 'caft upon thoſe threads deſtroys 
their colours, I ſuppoſe to be perform'd thus ; The water falling upon 
theſe plated bodies: from 1ts A eater congruity to Feathers then 
the Air,infinuates it ſelf between thoſe Plates;and fo extrudes the ſtrong 
reflecting Air, whence both theſe parts grow more tranſparent,as the 47> 
croſcepe informs, and colourleſs allo, ' at beſt retaining a very faint _ 
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duTl/colonr. But this wet bemg waſted/away by the continual ey: 
eions and ſteams that paſs through! them from 'the Peacock; whil chat 
Bird is yet alive, the colours again appear in their fortner haſter;; che 24+ 
terflitia of theſe Plates being full'd with the fin ceflecting Air. | | 
» - The beauteous and vivid colours of the Feathers: of this Bud, bei 
found to proceed from the cutious and exceeding fnalnefs and finene 
of the refieCting parts,we have here the. reaſon-given us of all thoſe pavs 
deries'in the apparel of other Birds alſo, and how they come to exceed 
theebiours of all other kindsof. Animahks, befidesJoſctts; for finoe (us we 
hereand elſewhere; alſo ſhew) the vividnels of a colour, depernds/ upon 
the finentſs and tranſparency of the retiefting and refrating parrs4 and 
ſince bur 44:croſcopt diſcovers to us, that the ent parts of feathers 
are ſiich; and. that the hairs of Animals are otherwiſe ; and ſince we find 
alfoby the Experiment of that Noble and moſt Excellent PerſonTformets« 
ly named; that the diflerence between Silk and Flax, as to its colour, js 
nothing elſe (tor Flax reduc'd to a very great fineneſs of parts, both 
white and colour'd, appears as: white and as vivid as any Silk, but lofes 
that/brigtitneſs and its Silken aſpect as ſoon as it is twiſted into thread,b 
reaſon eliat the component parts, though very ſmall and fine, are yet ph 
able fakes, and not. cylinders, and thence,by twiſting, become united in« 
to oe opacous body, whereas the- threads of Silk and Feathers retain 
their: luſtre, by preſerving. their cylindrical form intire without tnix- 
ing ;/ſo that each refi and.retracted beatn that compoſes the gloſs 
of Silk; preſerves its own property of modulating the light intire); And 
fiace we find the ſame confirm'd by many other Experimems elſewhere 
mentioned, I think we may ſafely conclude this four an Axiome, that 
wheteſoever we meet with tranſpatear bodies, ſpun our into very fine 
parts, either cleet, or any ways ting, the colours reſulting from ſuch a 
compoſition mult neceſlarily be-very glorious, vivid, and cleer, like thoſe 
of Silk and Feathers. This may perhaps hint ſome uſefull way of making 
other bodies, beſides Silk, be ſuſceptible of bright tinCtures, but of this 
onely by. the by. 

The changeable colour'd Feathers alſo of Ducks, and ſeveral other 
Birds, Ihave found by examination with my Afieroſcope, to proceed from 
much the ſame cauſes and textures. 
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Obſerv, XX XVII. Of the Feet of Flies, and ſeveral other In- 
ſets. 


— 


—— 


"He foot of a Fly (delineated in the firſt Figyre of the 23, Scheme, 

which repreſents three joints, the two Tallons, and the two Pattens 

in a flat poſture 3 and in the ſecond Figare of the ſame Scheme, which re- 

preſents onely one joint, the Tallons and Pattents im another poſtute) 1s 

of amoſt admirable and curious contrivance, for by this the Flies are in- 

abled to walk againſt the ſides of Glaſs, perpendicularly upwards, atd to 
ST A a 


contain 
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contain themſelves in that poſture as _ as they pleaſe;nay,to walk and 
faſpend themſelves againſt the under ſurface of many bodies,as the ceiling 
of a room, or the like,. and this with as great a ſeeming facility and firm- 
neſs, as if they were a kind of Antipodes, and had a tendency upwards, as 
weare ſure they have the contrary, which they alſo evidently diſcover, 
in that they cannot make themſelvesſo light, as to ſtick or ſuſpend them- 
ſelves on the under ſurface of a Glaſs well poliſh'd and cleans'd ; their 
ſuſpenſion therefore is wholly to be aſcrib'd to ſome Mechanical contri- 
vance in their feet z which, what it is, we ſhall in brief explain, by ſhew- 
ing, that its Mechaniſm conſiſts principally in two parts, that is;firſt its 
two Claws, or Tallons, and ſecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion tothe foot, and hand- 
ſomly ſhap'd in the manner deſcrib'd in the Figures, by AB, and AC, 
the bigger part of them from A todd, is all hairy, or brifled, but to- 
ward the top, at CandB ſmooth, the tops or points, which ſeem very 
ſharp turning downwards and inwards, are each of them mov'd on a joint 
at A, by which the Fly is able to open or ſhut them at pleaſure, ſo that 
the points B and C being entered in any pores, and the Fly endeavouring 
to ſhut them,the Claws not onely draw one againſt another,and fo faſten 
each other, but they draw the whole foot, GG A DD forward, fothat 
on a ſoft footing, the tentersor points GG GG, (whereof a Fly has about 
ten incach foot, to wit,twoin every joint)run into the pores,it they find 
any, or at leaſt make their way and this is ſenſible to the naked eye, in 
the feet of a Chafer, which, if he be ſuffer'd to creep over the hand, or 
any other part of the ſkin of ones body, does make his ſteps as ſenſible to 
the touch as the ſight. * 

But this contrivance;as it often fails the Chafer, when he walks on hard 
and cloſe bodies, ſo would it alſo our Fly, though he be a much lefler, 
and nimbler creature, and therefore Nature has furniſh'd his foot with 
another additament much more curious and admirable, and that is, with 
a couple of Palms, Pattens or Soles D D, the ſtructure of which is this : - 

From the bottom or under part of the laſt joint of his foot, K, ariſe 
two ſmall thin plated horny ſubſtances, each conſiſting of two flat pieces, 
D D, which ſeem to be flexible,like the covers of a Book, about F F, by 
which means,the plains of the two fides E E,\do not always lie in the fame 
plain, but may be ſometimes ſhut cloſer, and ſo each of them may take a 
little hold themſelves on a body; but that isnot all, for the under fides of 
theſe Soles are all beſet with ſmall briſles, or tenters, like the Wire teeth 
of a Card uſed for working Wool, the points: of all which tend for- 
wards, hence the two Tallons drawing the feet forwards, asI'before 
hinted, and theſe being applied to the Smt of the body with all the 
pony looking the contrary way, that is, forwards and outwards, if there 

an _ arity or yielding in the ſurface of the body, the Fly fu- 
ſpends it ſelf very firmly and calily,without the acceſs or need of any ſuch 
Sponges fill'd with an —_— gluten, as many have, for want of yood 


Glaſles, perhaps, or a troubleſome and diligent examination, ſuppos'd. 
Now, that the Fly is able to walk on Glaf oy, 


s, proceeds partly from.ſome 
ruggedneſs 
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raggedneſs of the ſurface; and chiefly from a kind of tarniſh,” or dirty 
ſmoaky ſubſtance, which adheres tothe ſurface of that'very hard body; 
and though the pointed parts cannot penetrate the ſubſtance of Glaſs, yet 
may they find pores enough inthe tarniſh, or at leaſt make them. 

This Structure I ſomewhat the more diligently furvey'd,.becauſle.l 
could not well comprehend, how, if there were ſuch a glutinous matter 
inthoſe fuppoſed Spanges; as mott/(that haye ,otiſerv'dthatObja@ina 
Microſcope) have hitherto belicv'd,how, I ſay, the Fly could ſq reaguly un> 
glew and looſen its feet : and, becauſe I have not tound ariy other crea- 
ture to havea contrivance any ways like itz and chiefly, that we mjght 
notbe caſt upoti unintelligible explications of the Fhenomeys of Nytuje, 
at leaſt 'others then the true ones, ' where our ſenfes were able to farnſh 
us with an intellip1ble, rationall and true one. © * On OMAGH 

Somewhat a like contrivance to this of Flies ſhall we find in moſt other 
Animals, ſuch as all kinds of Flies and caſe-wingd creatures 3'\ay, in 4 
Flea, an Animal abundantly ſmaller then this Fly. 'Other creatures, as 
Mites, the Land-Crab, &c. have onely one ſmall very ſharp Tallon 
at the end of each of their legs, which all drawing'towards the'center of 
middle of their body, inable theſe exceeding light bodies to ſuſpend and 
faſten themſelves to almoſt any ſurface. | | 

Which how they are able to do, will not ſeem ſtrange, if we confider, 
firſt, how little body there is in one of theſe creatures compatd'to their 
ſuperficies, or outſide,their thickneſs, perhaps, oftentimes,not amoiuntin 
to the hundredth part of an Inch: Next, the frengen and agflity of the 
creatures compar'd' to their bulk, being, proportionable ty thejr bulk, 
perhaps, an hundred times ſtronger then an Horſe or Man. - And ay 
f we conſider that Nature does always appropriate the inſtruments, 
as they are the moſt fit and convenient to Seribiin their offices, atd the 
moſt f1mple and plain that poſſibly can be ; this we may ſee further veri- 
ty d alfoin the foot of a Louſe which is very much differing from thoſe 1 
have been deſcribing, but more convenient and neceſlary for the place 
of its habitation, each of his leggs being footed with a couple of ſmall 
claws which he can open or ſhut at pleaſure, ſhap'd almoſt like the claws 
of a Lobſter or Crab,but with appropriated contrivances for his peculiar 
uſe, which being to move its to and fro upon the hairs of the crea- 
ture it inhabits, Nature has furnith'd one of its claws with joints, almoſt 
likethe joints of a man's fingers, ſo as thereby ir is able to encompals or 
graſp-a hair as firmly as a man can a ſtick or rope. | 

Nor, is there a leſs admirable and wonderfull Mechaniſm in the foot 
of a Spider, whereby he is able to ſpin, weave; and climb, or run on his 
curious tranſparent clew, of which I ſhall ſay moxe in the deſcription of 
that Animal. | | ke 

And to conclude, we ſhall in all things find, that Nature does not 
onely work Mechanically, but by fuch excellent and moſt compendi- 
ous, as well as ſtupendious contrivances, that it were impoſſible for all 
the reaſon in the world to find out any contrivance to do the ſame rniog 
that ſhould have more convenient AY And can any beſo ſottiſh, 

a 2 as 


I'7T 


172 


MickoGRaAPHIM, 


as to think. all thoſe things the produCtions of chance? Certainly, ei- 
ther their Ratiocination muſt be extremely depraved,or they did never 
attentively conſider and contemplate the Works of; the Al-mighty, 


— 


mm 


Obſerv. XXX VII1. Of the Struflure and motion of the Wings 
of Flies. 


"He Wings of all kinds of Inſe&s, are , for the moſt part , very 
. ® beautifull Obje&s, and afford no leſs pleafing an Object tothe mind 
to ſpeculate upon,then to the eye to behold. This of the blue Fly,among 
the reſt, wants not its peculiar ornaments and contrivances 3 it grows 
ont of. the Thorax, or middle part of the body of a Fly, and is ſeated a 
little beyond the center of gravity in the body towards the head, but 
that Excentrich is curioully balanc'd 3 firſt, by the expanded Area ofthe 
wings which lies all more backwards then the root, by the motion of 
them,whereby the center of their vibration is much more backwards to- 
wards the tail of the Fly then the root of the wing 1s, What the vibra- 
tive motion of the wings is, and after what manner they are moved, I 
have endeayoured by many trials to find: out : And forthe firſt manner 
of their motion, I endeavoured to obſerve ſeveral of thoſe kind of ſmall 
ſpinning Flies, which will naturally ſuſpend themſclves, as it were, pois'd 
and ſteady in one place of the air, without riſing or falling, or movi 
forwards or backwards; for by looking down on thole, I could by a kind 
of faint ſhadow, perceive the utmoſt extremes of the, yibrative moti- 
on of their wings, which ſhadow, whil'ſt they ſo endeavoured to ſuſpend 
themſclves, was not very long, but when they endeavour'd to flic for- 
wards,it was ſomewhat longer ; next,] tried,it,by fixing the leggs of a Fly 
upon the top ofthe ſtalk of a feather, with Glew, Wax, &c. and then 
making it endeavour to flie away ; for being thereby able to view it in 
any poſture, I colle&ed that the motion of the wing was after this man- 
ner. The extreme limits of the vibrations were uſually ſomewhat about 
the length of the body diſtant from one another, oftentimes ſhorter,and 
ſometimes alſo longer 3 that the formoſt limit was uſually a little above 
the back,and the hinder ſomwhat beneath the belly ;between which two 
limits, if one may gheſs by the ſound, the wing ſcem'd to be mov'd for- 
wards and backwards with an equal velocity : And if one may (from-the 
ſhadow or faint repreſentation the wings afforded, and from the conſide- 
ration of the nature of the thing ) gheſs at the, poſture or manner 
of the wings moving betweeen them, it ſeem'd to be this: The'wing 
being ſuppos'd placed in the upmoſt limit, ſeems to'be pur ſo that/the 
plain of it lies almoſt horizontal, but onely the forepart does dip a little, 
or is ſomewhat more depreſt; in this poſition 1s the wing vibrated 
or mov'd to the lower limit\, being afmoſt arrived at the lower li- 
mit, the hinder part of the wing moving ſomewhat faſter then the 


former, 
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former, the Area of the wing begins to dip behind, and in that poſture 
ſeems it to be moy'd. to the upper limit back again, and thence back 
again in the firſt poſture,the former part of the Area dipping again. as it is 
moved downwards by means of the quicker motion of the main ſtem 
which terminates or edges the forepart of the wing. And theſe vibrati- 
ons or motions to and fro between the two Heakts form ſo ſwitt, that 'tis 
very probable (from the ſound it affords, if it be compar'd with the vi- 
bration of a muſical ſtring, tun'd uniſon to it) it makes many hundreds, 
if not ſome thouſands of vibrations in a ſecond minute of time. And, if 
we may be allow'd to gheſs by the ſound, the wing of a Bee is yet more 
{wift, for the tone is much more acute, and that, in all likelihood, pro- 
ceeds from the exceeding ſwift beating of the air by the ſmall wing. 
And it ſeems the more likely too, becauſe the wing of a Bee is leſs in pro - 
portion to its body,then the other wing to the body of a Fly ; fo that for 
ought I know, it may be one of the quickeſt vibrating ſportaneons moti- 
ons of any in the world ; and though perhaps there may be many Flies in 
other places that afford a yet more ſhrill noiſe with their wings, yet 'tis 
moſt probable that the quickeſt vibrating ſportareows motion is to be 
found in the wing of ſome creature. Now, if we confider the exceeding 
quickneſs of theſe Animal ſpirits that muſt cauſe theſe motions, we cannot 
chuſe but admire the exceeding vividnelſs of the governing faculty or 
Anima of the Inſet, which is able to diſpoſe and regulate fo the the mo- 
five faculties, as to cauſe every peculiar organ, not onely to move or alt 
ſo quick, but to doit alſo fo regularly. | 
Whil'ſt I was examining and confidering the curious Mechatriſ#r of the 
wings, I obſerv'd that _ the wings of moſt kind of Flies, Bees, &*c. 
there were plac'd certain perdulums or extended drops (as may fo call 
them from their reſembling motion and figure) for they much reſembled 
a long hanging drop of ſome tranſparent viſcous liquor ; and I obſerved 


them conſtant ly to move juſt before the wings of the Fly began to move, 


ſo that at the firſt fight I could not but gheſs, that there was ſome excel- 
lent uſe, asto the regulation of the motion of the wing, and did phancy, 
that it might be ſomething like the handle of a Cock, which -by vibra- 
ting to and fro,might,as 'twere,open and ſhut the Cock,and thereby give 
a paſſage to the determinate influences into the Muſcles ; afterwards,up- 
on ſome other trials,I ſuppos'd that they might be for ſome uſe in relpira- 
tion, which for many reaſons I uppets thoſe Animals to uſe, and, me 
thought, it was not very improbable, but that they might have conve- 
nient paſſages under the wings for the emitting, at leaſt,of the air, if not 
admitting, asin the gills of Fiſhes is moſt evident 3 or, perhaps, this Pex- 
dulum might be ſomewhat like the ſtaff to a Pump, whereby theſe crea- 
tures might exerciſe their Analogus lungs, and not only draw 1n, but force 
out,the air they' live by : but theſe were but conjeCtures,and upon further 
examination ſeem'd leſs probable. | 

The fabrick of the wing,as it appears through a moderately magnify- 
ing Microſcope.ſeems to be a body confiſting oftwo parts,as is viſible 1n the 
4-Figare of the 23.8cheme;and by the 2.Figure of the 26,Scheme; the one is 


a quilly 


73 


174 


M1CROGRAHPIA. 


a quilly or finny fubſtance,conſiſting of ſeveral long,ſtender and variouſ} 

ed quills or wires, ſomething reſembling the veins of leayes; theſ. 
are, as 'twere,the finns or quills which ſtiffen the whole Ares, and keep 
the other part diſtended; which is a very thin tranſparent ſkin or mem- 
brane variouſly folded, and platted, bat not very regularly, and is be- 
ſides exceeding thickly beſtuck with inmamerabte ſmall brifles,' which 
are onely perceptible by the bigger magnifying Microſcope, and not 
with that neither, but with a very convetfient augmentation of fky- 
ſight projeted on the Object with a _ Glaſs, as I have effewhere 
ſhew'd, or by looking through it againſt the hght. 

In: ſteed of theſe ſmall hairs, in feveral other Flies, there are infinite of 
ſmall Feathers, which cover both the under and upper fides of this thin 
film as malmoſt all the forts of Butterflies and Moths: and thoſe fmall parts 
are riot onely ſhap'd very much like the feathers of Birds, but like thoſe 
variegated with all the variety of curious bright and vivid colours ima- 
ginable ; and thoſe feathers are likewiſe fo admirably and delicately 
rang'd.as to compole very fine flouriſhings and ornamental paintings, like 
Twrkie and Perſian Carpets,but of far more ſurpafling beauty, asis evident 
enough to the naked eye, in the painted wings of Butterflies, but much 
more through at ordinary — 

Intertningled likewiſe with theſe hairs, may be perceived multitudes 
of tntle pits, or black fpots,in the exended membrane, which ſeem to be 
the root of the hairs that grow on the other fide ; theſe two bodies ſeem 
diſpers'd over the whole ſurface of the wing. 

e hairs are beſt perceiv'd, by looking through it againſt the light, 
or, by laying the wing upon a very white piece of Paper, in a conve- 
nient light, for thereby every little hair moſt manifeſtly appears; a 
Specimen t of which _ may obſerve drawn in the fourth Figere of 
the 23. Scheme, A'B, CD, EF whereof repreſent ſome parts of the 
bones or quills of the wing, each of which you may perceive to be 
cover'd} over with a multitude of ſcales, or brifles, the former A B 
is the bipgeſt ſtetn of all the wing, and may be properly enough call'd 
the cut-alr, it being that which terminates and ſtiffens the formoſt edge 
of the wing 3 the fore-edge of this 'is arm'd with a multitude of little 
briſles, or Tenter-hooks, in ſome ftanding regular and in. order, itt 
others not ; all the points of which are dire&ed from the body to- 
wards the tip of the wings, nor is this edge onely thus fring'd , but 
even all the whole edge of the wy is cover'd' with a ſmall fringe, 
conſiſting of ſhort and more ſlender briſles. | Ay 

This Subjett, had Itime, would afford excellent matter for the con- 
templation of the nature of wings and of flying; bur, becauſe Imay 

ps, get a more conyenient time to proſeciite that ſpeculation, and 
recolle(t ſeveral Obſeryations thatI have made of that particular. I ſhall 
at preſent procced to 
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and of ſeveral other creatures, BY 6; PST 23 Min.” / 42,50 
1E&7 W148 s 2191 Sil YM. ; IPTP 
took a large grey Drove-Fly,that:bad a large head,,hbuttyiaiallidng 
:flender body. in proportion to-it;jnd cutting! off; Ars head; Lfpon :ighwich: 
the forepart or face upwards upon-rhy Object, Flate (this.1.mad Choice! 
of rather then the head ofa great blue Fly;beeanſe,my enquiry; ow: 
about the eyes, found this-Fly ro have, fuit the; biggeſt cluſters of eyes. 
in proportion to his head, of any {mall kind ot, Fly-that have yeriſeen, it 
being ſomewhat inclining towards: the, make of the large 'D#agon-F/ies. 
Next, becaule there is a, preater variety. in the, knobs, or balls; of;each 
cluſter,then is of atryy ſmall Fly ) Then-examining jt according td my; uſual 
manher, by varying the degreesof light, and. altering its polition- to cach; 
kinde of light, I drew that repteſetitation of it which is delineated in 
the 24. Scheme, and found theſe things to be as plat and, evident, as 
notable and pleaſant. To CITE nd You 
. Firſt, that the'greateſt part of the face,nay,of the head, way nothingelfe 
burtwo large and protuberant bunches,or prominentpatty,A B CDE A,the 
furface of each of which was all cover'd over; or ſhap'd into a multitude 
of ſmall Hemiſpheres,plac'd in a triagonal order,that being the cloſeft and 
moſt compacted, and in that order, rang'd over, the whole ſurface'of the 
eyein very lovely rows between each of which, as is necellary, were left 
long and regular trenches, the bottoms of every of which, were perfectly 
intire,and not at all:;perforated or drill'd through, which I moſt certain! 
was aſſured of, by the regularly reflefted Image of certain Objects whic 
I moy'd to and frobetween the head and the light. And by examining 
the Cornea or outward ſkin, after I had ſtript it off from the ſeveral ſub+ 
ſtances that lay within it,and by looking both upon the inſide and againſt 
the light. | | 
bh that of thoſe multitudes of Hemzſpheres, there were obſervable 
two degrees of bignels, the half of them that were lowermoſt,and look'd 
toward the ground or their own. leggs, namely, CDE, CDE being a 
pretty deal ſmaller then the other, namely, AB CE, AB CE, that look'd 
upward, and {ide-ways,or foreright,and backward, which variety have 
not found in any other ſmall Fly. | 
Thirdly, that every one of theſe Hemtiſpheres,as they ſeem'd to be pret- 
ty neer the true ſhape of a Hemiſphere, ſo was the ſurface exceeding 
mooth and regular, reflecting as exaCt, regular, and perfect an Image of 
any Obje& from the ſurface of them, as a ſmall Ball of Quick-filver of 
that bigneſs would do, but nothing neer fo vivid, the refleCtion from theſe 
being very languid, much like the refleftion from the outſide of Water, 
Glaſs, Cryſtal, &c. In ſo much that in each of theſe 'Hemiſpheres, I have: 
been able to diſcover a Land-ſcape of thoſe things which lay before my, 
| window, 
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window, one thing of which was a large Tree, whoſe trunk and top [| 
could plainly diſcover, - as I could alſo the parts of my window, and my 
hand and fingers, ifI held it between the Window and the Objett; a 


| Gpal} deqygh of minetogr ofwhich, asThegommear jorge Viegey May- 
e 


je E's SSL Image of the two windows of my Chamber, 
are delineated in the third Figzre of the 23% Scheme.” 3 

Foxrthly, that theſe rows were fo diſpos'd, that there was noquarter 
viſibleffonhis head that there was not ſome of theſe Hemiſpheres direfted 
igamſts fo'that a Fly may be wry ſaid to: have an eye! every way, and to 
be reallyeironmfpeZ. And it was further obſervable, that that way where 
th&tr f his body did hinder his profpe&t backward, theſe protube- 
#a#1ft4 were devated, as it were, above the plain of his ers and 
Back; {6 thathe was'able to ſee backwards alſo over his back. iq 
 Fifthly, in living Flies, I have obferv'd, that when any ſmall mote or 
duſt;which'fhes up and down the air, chances to light'upon any part of 
theſe knobs, avit 15 ſire to ſtick firmly to it and not fall; chough through 
the AGeroſcope it appears like a large ſtone or ſtick (which one would ad- 
mire,eſpetially fince't is no ways probable that there is /ahy wet or ghati- 
nous matter upon theſe Hemriſpheres,but I I ſhall render'the reafor in 
another place) ſo the Fly preſently makes uſe of his two fore-feet ir) ſtead 
of eye-lids; with which ,/ as with two Brooms or Bruſhes, they being 
all beſtack with Brifles, he often ſweeps or bruſhes off what ever hinders 
the proſpect of any of his Hemiſphere, ard then, to free his leggs from 
that dire,he rubs them one againſt another,the pointed Britles or Fenters 
of which A—— both one way, the rubbing of them to and fro one 
againſt atother, does cleanſe them in the' fame manner as I have obfery'd 
choſe that Card Wool, to cleanſe their Cards, by placing their Cards; ſo 
as the teeth of both look the ſame way,and then rubbing them one apainſt 
another. In the very fame manner do they bruſh and cleanſe their bodies 
and wings, as | ſhall by and by ſhew ; other creatures have other contri- 
vances for the cleanfing and cleering their eyes. _ 

Sixthh, that the number of the Pearkr or Hemiſpheres in the cluſters 
of this Fly, wasneer 14000. which I judged by numbering certiitirotys 
of them' ſeveral ways, and cafting up the whole content , accortnting 
each cluſter to contain about feven thouſand Pearls, three thorfand ' 
of which were of a cize, and conſequently the rows not fo thick, and 
the foure thouſand I accounted to be the number of the ſtalfer Pexrls 
next the feet and froboſeir. Other Animals F obfery'd to hare'yet 4 
greater number, as the Dragon-Fly or Adderbott : And others totravea 
much leſs company, as an Ant, &c, and ſeveral other ſmall Flies'and 
Inſects. 

evemihly,that the order of theſe cies or —_— was altogether euri- 
ous and admirablechey being plac'd inall kind of Flies,and 4aer/a/zrirmats, 
ina moſt curious and regular ordination of triangular rows, m which or- 
der they are rang'd the neereſt rogether that "oftibly they can, and con» 
fequemtly teave the leaft pits or trenches between them. But ini 84rimpr, 
Crawfiſhes, Lobſters, and ſach kinds of Crnſtaceons water Animals; I have 
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et-obſery'd themxang)d in a quadrangular order, the rows; cutting gach 
_ at fight angles,which as it admits of a leſs number of Pearls in gqual 
ſurfaces/10 have thoſe. creatures arecompence made therh, by! haying 
their eyes a little moyable in their heads; which the. other, altogether 
want,-S9 infinitely wiſe and provident do we find all:the Diſpenſations in 
Natnxe; that certainly. Epicuras, and his. followers, awaſt very- little -haye 
conlidet'd. them, who aſcrib'd thoſe; things to- the produttion of chance, 
thatwil.to a more attetitive conſiderer;appear the produdts ofithe higheſt 
Wiſdom and Prayidence, of £210 Fug It . 
; Upon the Anatomy or Diſſettion of the Head; I obſerv'd theſe par- 
ticulars:- 9's WA 3 | 1d Sb deer; 1 
Firſt, that this;outward (kin, like the Cornea of the eyes of the greater 
Anirhals, was both flexible and tranſparent, and ſeem'd, through the 46&- 
croſeqpe; perfetly'toreſemble the very ſubſtance of the Cornea of a man's 
eye; for having cut-out the cluſter, and remoy'd: the dark and wircow 
ſtuff: that. is ſubjacent to\it, I could fee: it tranſparent like a thin piece of 
{kin,--having as manycavities.in the infide of it, and rang'd in the ſame 
order as it had protaberances onthe .outlide,and this propricty,l found the 
ſame in all the Animals that had it, whether Flies orShell-Fith; 
Secondly, I found that all Animalsthat I have: obſerv'd with thoſe kind 
of eyes, have-withinthis Corres, a certain cleer'11quar or juice, though in 
a very. little quantity, and, -- ; + / | baA Torr 
I-obſetv'd thirdly,: that within:that cleer liquor, they had:akind of 
dark exxcow4 liping, : which was allſpread round within the cavity of the 
cluſter, and ſeem'd:; very -neer adjciming, to it, the colour of: which, in 
ſome Flies, was grey; it-others, black; in others red; in others,ofa mix'd 
colour : in 3 En 032 P aod.that the whole cluſters, when 160k'd on 
whil {t-the Animal was living, or but newly kil'd, appear'diof the ſame 
colout that this.coat! (as Imay:fo call it) appear'd of, when that outward 
{kin, or Cornea,was remov'd. ':!:.1 1111 1 12 ad 

- Fourthly, that. the-reſt of the capacity of the:cluſters was tn ſone, as 
in;Dragon Flies, &c. hollow, or-empty 3 m ethers fill'd with ſome kind 
of fablrrce z in blue Flies,with a reddiſh muſculous ſubſtance; with fibres 
tending from the:center or bottom outwards yand divers other,with va- 
rious and differing:kinds of ſubſtances. - [2 1 a ills] 

That this curious contrivanceis the-organ of ſight to all thoſe various 
Cryſtaceous Artiimals,, which are furniſh'd withiit,:]; think we need nor 
doubt, if we conſider:-but/ the ſeveral congruities it has with the eyes of 
YKCater Creatures. :.:! rt a3 901 10 Tikg 241 - 2113 2211930241] 

.' As firſt, that it{is furniſh'd with-a Corzea,witha treaxſparent bumoxr.and 
with.a #vea or retiza,jthatthe/Figure:of each bf the ſmall Himſpherer are 
very Spberical, exadtlyipoliſh'd,. and: moſt yividy lively and rs 

5 


the Animal is lividg as in greater Animdls,andio like'manner: dull, 

and irzegular, or forank;whenthe Animal isdead;>0t 01930 00 (7H, 
1 Next ; that thoſe--creatures' thatare: furniſh't with-<ip; have no 
other organs ithat have any. reſemblance to 'the\known' eyes of other 
creatures; at 2:20;  ey8/1 207 L 93 Ol (1205 10 Wrendl 190! 
NES B b Thirdly, 
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''- Thit@ly,that thaſ(&which they etillthe eyes of Crabs;Lobſters;Shtimpe, 
andthe bke,and arcttally fo, are: Hemifpher d;almoft;in'the ſame man- 
nerasthike of Fhe- ate.” And that" they really) are:{d A /havevery-often 
try'4;by' eitting off theſe'Jrtle movable knobs;/and/purting the creature 
apaty into the water, that'it would fwinr to and fro; and move up'and 
down is well as befere;- but ' would ofters hit it {elf againſt the rocks or 
ſtoties'y and though'l pur my hand juſt before its head," it would'not at 
all:ſtjirtorfly back rift Þ touch'd it; whereas 'whil'ſt' thoſe'were remain- 
ing, it would ſtart back,and avoid my hand or a'Rtick'ata good diſtance 
before it touch'd it. | And if in crftaceons Sea-anitmals;then-it ſeerns very 
robable alſo,that theſe knobs are the eyes in cruſtaceowInſefts, which are 
alſo of the'ſame kind, onely in a higherand:moreattive Element; this the 
conformity'or congruity of many other parts common to either of them, 
wilt ſtrongly argue,their cr»ſtaceows armour,their number of leggs,which 
are-ſix, befide the two'great claws, which anſwertothe wings in Inſetts ; 
and in all'kind of Spiders, as alſo in many other Inſects that want wings. 
we ſhall! find: the compleat number of'them, and not:onely the number, 
but the vety ſhape, figure, joints,\and-claws of Lobſters and Crabs, as is 
evident in Scorpions and Spiders, as is viſible in'the fecond- Figare of the 
> I, £cheme.and in thelittle Mite-worm;which'I call a Land-crab,deferib'd 
i the'ſecond Figure of the 33. 8chemegautin'their'manner of generation 
being oviparous, &c. And it were very warthy .obſeryation,' whether 
there be:not ſome kinds 'of transformatioh and metamorphoſis in the'ſc- 
veral ſtates of cruſtaceous water-animals; as there'is in:ſeveral ſorts of In- 
ſects ; for if ſuch could be.met withyrheiprogreſs of rhe variations would 
be much more conſpicuous in thoſe larger Animals, : then they can be in 
any kind of Inſe&s our' colder Climate affords. >: 

heſe being theipeyts,/iit affords us a very pretty Speculation to con- 
template their mannerob witon, which, as it is: very differing from that of 

biocular Animals, fo is it not leſs admirable. | 2GY0.3.38 > 
That each of theſe Pearls or Hemiſpheros is a perfeft'eye, I-think we 
need not doubt, if we-confider onelythe outſide of figure of any oneof 
thei, [for they being-1each'of them. cover'd with'atranſparent protube- 
rant Cornea, and cuntaining a liquor within them, reſembling the: watry 
or glaſſie humours of the eye, muſt-neceflarily refradtall che parallel 
Rays that fall on themout 64 the air,: into-a- point'notfarr:diſtant within 
theni, where (inall probability) the Retina:of the eye is/platedzand: that 
opacons, dark, and:mucousinward-coat that:(b formezlyithew' dYI found 
to ſubtend the concave part of the cluſter is very likely to be-that-2#- 
#iole:ox;codty.itappearmng}) through tha (Afcroſtoper: toibe plac'd alittle 
morethar.a:Diitneter of thoſe. Pearls belaw. or within the tniceicormea, 
And if:fogthen is thereig/ allprobabllity, a little Piktureor Image. of the 
objedts Without, paintett:;ot:matterat thobotrom of the (Ketiniuagain(Þ 
every one of thoſe Peatlaifoithatithererare as many: Knpreflibng-on the 
Retiva;gir ogacousdKin{\asthere:are Prarls:or Hemiſphates on! the cluffer. 
But becauſe, tis impatbble:for anypromuberantiurface whatſoever, whies 
ther ſpherial or other, ſo to refract the Rays that come from farryemore 
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later: points of any Object as to:coflect them again,and unite therti/edch 
in a:diſtin& point,and that onely thoſe Rays which come fromwome poinr 
that lies' in the. 4x of the Figure producidy-are: fo accuriitely: re- 
fracted to one and the: fame point again, and-that the latera/ Rays;thefur- 
ther they are remoy'd, the more imperfect 1s their tefracted confluence's 
Ie follows therefore, that onely the Picture of thoſe parts of the! external 
objeRts rhat- lie in, or neer, the 45s of each Hewiſphere, arc:dilcernably 
painted or made on the Retina of:cach Hemiſphere; and that therefore 
each of them can diſtinClyſenſate or ſee onely theſe parts which are very 
netx.perpendicularly cppos'd to it, orlie 1n,or neer' its Optick 4x5; 
Now, though there:may be by each of theſe eye+pearls,a repreſentation 
to-the Animal ofa whole Hcariſphere inthe ſame manner as in aman'seye 
there is a picture or ſenſation in the Retina of all the objeCts lying almoſt 
in an Hemiſphere 3; yet, as in a man's eye allo, there are but ſome 'verv- 
few-/points which 'hyng in, or neer, the optick 4x are diſtinctly dif 
cern'd :' So there may-be multitudes of Pictures made of an Obje&-in 
the ſeveral Pearls, 'and yet but one, or ſome very few that are diſtin& ; 
The repreſentation of any object that is made in any other Pearl, but that 
which 1s dire&ly,or very neer direttly;oppos d,being altogether confus'd 
and'unable to produce a diſtinct viton. 


So that we ſee, that though it has pleas'd the All-wiſe Creator,.to in- 


due this creature with ſuch multitudes of eyes, yet has he riot indued it 
with the faculty of ſeeing more then another creatutez for whereas this 
carinet move his head,at leaſt can move itvery little, without moving his. 
whole body, biocular creatures can in an inſtant (or the twinkling of a 
exe, which, being, very. quick, is vulgarly uſed in the ſame fignification) 
move their eyes fo asto dire the optick Axis to any point ; nor is it 
probable, that they are able to ſce attentively at one time more then one 
Phyſical point 3 for though there be a diſtinct Image made in every eye, 
yet'tis very likely,that the obſerving faculty is only imploy'd about ſome 
one objed for which they have moſt concern. 

Now; as we accurately diſtinguiſh the ſite or poſition of an Objeft 
by the motion of the Muſcles of the be requiſite to put the optick Line 
in a'direct poſition,and confuſedly by the polition ofthe imperfect Picture 
of the object atthe bottom of the eye 3 | geen theſe craſtaceows creatures 
able tojudge'confuſedly of the | power of objects by the Picture or im- 
preſſion made at the bottom of the oppoſite Pearl, and diſtinCtly by the 
removal of the attentive or obſerving faculty, from one Pearl to another, 
but what this faculty is,as it requires another place, ſo a much deeper ſpe- 
culation. Now, becauſeit were impoſlible,even with this multitude of eye+- 
balls,to ſee any object dittinCt(for asI hinted before,onely thoſe parts that 


lay in,or veryneerhe optick Lites could be ſo)theTnfinitely wiſe Creator 


has not left the creature without a power of moving the head a little in 
Aerial cruſlaceows atiimals,and the very eyes alſo in craſtaceows Sea-animalsz 
ſo that by theſe means they are inabled to direct ſome optick line or other 
againſt any objeQt,and by that means they have the viſive faculty as com- 
pleat as any Animal that can move its eyes. 

b 2 Diſtances 
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Diſtances of Obje@s allo, 'tis very likely they diſtinguiſh, pately. by 
the conſonamt impreſſions made in ſome two conventent Pearls; one 
each cluſter; for, according as thoſe congruous impreſſions: atte&, two 
Pearls neerer approach'd-'to each other, the neerer: is' the Object, and 
the farther they are diſtant, the more diſtant is the Object: partly alſo 
by thealteration of each Pearl, requiſite to make the Senfation or Pifture 
perfett ; for 'tis impoſſible that the Pictures of two Objects, variouſly 
diſtant, can be perfeQly painted, or made on the ſame Ketize or bottom 
of the eye not altered, as will be very evident to any one that ſhall atten- 

1 conſider the nature of refraction. Now, whether this alteration 
may be inthe Figure of the Cornea,in the motion of acceſs or receſs of the 
Retine towards the Cormea, or in the alteration of a cruſtaline humor, if 
fuchthere be, I pretend not to determine; though I think we need'not 
doubt, but that there may be as much curioſity of contrivance and ſtru- 
Qure in every one of theſe Pearls, as in the eye of a Whale or Elephant, 
and thefalmighty's Fiat could as eafily cauſe the exiſtence of the one as 
the other; and as one day and a thouſand years are the fame with him,ſo 
may one eye and ten thouſand. 

is we may be ſure of, that the filaments or ſenfative parts of the 
Retina muſt be moſt exceedingly curious and minute, fince the whole 
Picture it ſelf is fuch; what muſt needs the component parts be of that 

Retine which diſtinguiſhes the part of an obje&'s Picture that muſt be 
many millions of millions leſs then that.in a man's eye? And how exceed- 
ing curious and ſubtile muſt the component pazts of the wediure that 
conveys light be, when we find the inſtrument made for its reception or 
refraQion to be ſo exceedingly ſmall ? we may, think, from this ſpecula- 
tion be ſufficiently diſcouraged from hoping to diſcover by any optick or 
other inſtrument the determinate bulk of the parts of the mediums that 
conveys the pulſe of light, fince we find that there is not leſs accurate- 
neſs ſhewn in the Figure» and poliſh of thoſe exceedingly minute lenti- 
cular ſurfaces, then in thoſe more large and conſpicuous ſurfaces of our 
own eyes. And yet can Inot doubt, but that there is a determinate bulk 
of thols parts, ſince I find them unable to enter between the parts of 
Mercury, which being in motion, muſt neceffarily have pores, as I ſhall 
elſewhere ſhew, and here paſs by, as being a digreſlion. 

As concerning the horns FF, the feelers or ſmellers, G G, the Pro- 
baſcis HH, and I, the hairs and brifles, K K, I ſhall indeavour to de- 
ſcribe inthe 42. Obſervation. 


Obſerv. X L. Of the Teeth of a Snail. 


] Have little more to add of the Teeth of a Snail, befides the Pifture 
of it, which is repreſented in the firſt Figure of the 25. Scheme, fave 
that his bended body, AB CD EF, which ſeem'd faſhioned very much 
like a"row of ſmall teeth, orderly plac'd in the Gums, and looks as if it 
were 


\ 
\ 


 # 
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were divided\into ſeyeral ſmaller #nd gteater black reeth, was npthing 
but one {ma}! bended hard bone, which was plac'd'ih the upper;jais ofthe 
mouth-ofa Houſe-Snail, with whiah & obſcrv'd this very Sndilro feed of 
thelexves of a Roſe-tree, and to'bite out'precty latge ahd'haif round 
bies>thotunlike the Figure of a (CY) hot very wtubhUlfferinp from ijvin 
bigheſs, the upper payt A'B CD of this bone; I folmd!to beimuch whiter; 
andre: prow out of theupper chapiofthe SyailGGG,andnorteo! beany 
thing neer ſo much ereas'd as the lowerand blacker part of ir HIVH KK bi 
which was exaCtly ſhip'd hke teeth, the bone growingthinner;76ritaper? 
ingroaiedge towirds'K K K. It ſectn'&to haverning teeth; or prominent 
parts TK} IK, I F, Ge, which were jolti'd tagertier by the thinneritter« 
posdipars of the'bone. ' The Animal to Which rheſs reeth bulonjs; is's 
very ##0omalons creature, and ſeems of a-kind' quite -Uiſtint from: a 
othep terreſtrial Animal or Inſet, the Anatomy whereof exceedingly di 
fering from what has beer) hitherto given of it I (ſhould have inſerred;hut 
thatiivwilt be more proper in-another place. T.haye riever met with 
kindrof Animal whole teeth are a}l\join'd in one,:ſ&veionely thav[izrely 
obſerv'd," that all the teeth of a Rhinocerot, ' which grow on either fide 
of irs mouth, are join'd mto one large bone, the weight of oneob:which 
Efomdito be neer eleyen pound Hebe+dwpois.' '$6 that it ſeems! bne! of 
the: blpgeſt ſort of tetreſtrial Animals,' as well-as '6ne of the ſmalleſt; 
has his'teeth thus ſhap'd. 8-003TY7 102 18 212111 . 34 (916: \iny 
7 77 Fe 4144. 
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. Obſerv. X LL, .Of the Eggs of Silk-worms,and other Inetts. 


2 Epgs of Silk-worms(one 'of which Thave deſcrib'd inthe ſecond 
 Figare of 25; Scheme) afford a pretty Objett for a Afrrrofcbpe that 
magnifies-very much, efpecially if it be bright weather, and the lightiof a 
window be caſt or collected on it by a deep Convex-glafs, or Watarball: 
For then the hole ſurface of the Shell may be perceiv'd all cover'd over 
with exceeding ſmall pits or cavities with interpoſed edges, almoſt in the 
manner of the furface of a Poppy-ſeed,but that theſe holes are not an hun- 
dredth part ſcarce oficheirhugneley the $helwhen the yyoung ones were 
hatch'd (which I found an eafie thing to do, if the Eggs were kept in a 
warm place) appear'd no thicker in proportion to its bulk,then that of 
an Hen'sor Goos's Egg isto its bulk, and all the Shell appear'd very white 
(which-ſcem'd to proceed from its canideredeyimiieice all thoſe pit- 
tings did almoſt vaniſh, ſo thatthey could not, without much difficalty, 
be diſcern'd, the inſide of the Shelbſeem'd to be lin'd alſo with.a kind of 
thin film,not unlike (keeping the proportion to its Shell )that withwhich 
the ſhell of an Hen-egg is lin'd 5 and the ſhell ic (elf ſceta'd like common 
Egg-ſhells, very brittle,, and crack'd. In divers other of thele k 
could plainly enough, through the ſhell, perceive the ſmall Inſect lie 
coyled round the edges of the-fhell- The ſhape of the Egg it felf, the 
Figure pretty well repreſents((though by default of! the: Graver it does 


not 
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nota rounded, and lying abeve the Paper, as it were;as it 
tode) that: is, it was for tan paxt pretty oval/ end-wayy, ſomewhat 
——_ the other way itwas alittle flatted-on two oppolite fides, 
Divers 6f-theſe Eggs; a5:is common-to.moſt others, I found, to, he bar- 
ren; :oriaddle, for;they never afforded any young ones. And thoſe 1 
uſually; found much whiter then the other that were prolifick. | The 
Eggs6fother. kinds.of Quiparons: Inſects I have found to be periedtly. 


round way,like ſo many Globules;of this ſort Ehave obſery'd ome 
oro piers gn and the laſt Summer to jnelaſe.a very: 
? 1 } wo wang] ads in a Box, intending to-examine its 
udery with my 4ergfcope, 1 found within a day or two after I imclos'd 
, almoſt all:the inner ſarface of the, Box cover'd, over with an iofinite 
RP round/Egga, which wete ſtuck very faſt to the ſides oft, and 
in ſo exa(lly regular and-cloſe an. order, that made me call to mind my 
Hypotheſis, which 1 had formerly thought on for the making our of all the 
regular Figures of Salt; which I have elſewhere hinted ; for here I found 
all of them rang'd;into/a moſt exaCt #riagonal order, much after theman- 
ner as the Heeriſpberes are place, on. the eye of a Fly; all which Eggs 1 
fouridaſter a little'time to be hatch/d, and out of them to come a multi- 
tudeof ſmall Worms, very much reſembling young Silk-worrws, leaving 
all their: thin holow ſhells behind them, ſticking on the Box in their #r:- 
agonal poſture; theſe I found with the Aficroſcope to have much ſuch a 
ſubſtance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the ſhape of the Eggs of Ovi- 
paroys Inſefts as gmong thoſe of Birds, SYS 
Of theſe Eggs, large and bully Thy will at one time lay neer four or 
five hundred, ſo that the increaſe of theſe kind of Inſets muſt needs be 
very prodi ious, were they not prey d on by multitudes of Birds, arid de- 
ftroy d by Froſts and Rains ;/arid hence tis thoſe hotter Climates between 


Vermine. 


the Tropicks are infeſted with ſuch multitudes of Locuſts, and fuchother 


Obſery. XLII. Of able Fly. 


"=, kind of Fly,whereofa AMicroſcopical Picture is delineated in the 
firſt Figure of the-26. Scheme, is a very beautifull creature, 'atd; has 
many things about it very notable ; divers of which T have already partly 
deſcrib'd, namely, 'the feet, wings, eyes, and head, in the preceding 
Obſervations. | | 
And though the head before deſcrib'd be that of a grey Drone-Fly, 
yet for the mainit'is very agreeable to this.” The things wherein they 
differ moſt, will be eafily _—_ found by the following particulars : 
_ Firſt, the cluſters of eyes of this Fly, are very much ſmaller then thoſe 


of the Dron-Fh, in proportion to the head. 
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- And next, allthe eyes of each cluſter ſeem'd muchof the fame bigneb 
one with another, not differing as-the other, but rang'd- ini the fame:treb 
agonal order. | } (10 0.14140 GALS 5 T's. 
--» Thirdly, between theſe :two/ cluſters, - there: was a-ſcaly'prominent 
front B, which was-arm'd and adorn'd with:large taperihg ſharp; black 
briſles, which growing out in rows on either ſide, were fa bent*toward 
each other neer the top, as to make a kind of arched arbour of Brillkes, 
which.almoſt cover'd the former front. 3c 20h nt bao 
Fourthly, at the end of this Arch, about the middle of the face, ona 
prominent part C, grew two ſmall oblong bodies; DD; which:through 
a- Microſcope look'd 'not unlike the Pendants ic Lillies, theſe-ſeem'd to bi 
jointed on to two ſmall parts at C, each. of which ſeem'd again/jointed 
into the front. x 130 220 is 
Fifthly, out of the upper part and outſides of theſe horns/.{as'I may 
call them, from the Figure they are of, in the; 24, Scheme, | where th 
are marked with F F) there grows a ſingle feather; of bruſtiy/Brifle, EE, 
ſomewhat of the ſame kind with the tufts of 'a Ghat, which! 1:haye before 
deſcribed. 1 900" | 
What the uſe of theſe kind of horned and tufted bodies ſhould be, ;I 
cannot well imagine,unleſs they ſerye for ſmellingjor hearing,though how 
they are adapted. for either, it ſeems very difficult to deſctibe ) they: are 
in almoſt every ſeveral kind of Flies of ſo various aſhape;.though'certain- 
ly they are ſome very eſlential part of the head,; and: have ſome very 
notable office afſign'd them by Nature, fince in all, InſeCts theyre to be 
found in one or, other form. + 126979 ids 31 lum ods anne 16/7 
Sixthly, at the under part of the face, F F; were ſeveral of the former 
fort of bended Britlesz and below all, the: mauth; out ofi the middle of 
which, grew the proboſei#s G''H I, which, hy means of ſeveral joints, where- 
of it ſeem'd to conlift, the Fly was)able to move toand fro,/and thruſt it 
in and.out as it pleas dz .the cad. of this hollow body (which wasall over 
cover'd with ſmall ſhort hairs or. brifles)' was,;;as/twere, bent ati H, and 
the'outer or formolt {ide of the bended: part. H1, ſlit, as were, into 
two chaps, HI, HI, all the outſide of which, where..cover'd;with' hairs, 
and pretty large briſles 3. theſe he could, like two, chaps; :yery readily 
open and ſhut, and when he ſeem'd to fuck any thing from'the furface of 
a body, he would ſpread abroad thoſe chaps, and:apply the. holow part 
of them very. cloſe to it. O87 WIE Os j{ nid pas 
From. either fide of the Probeſcis, within the 'mquth,'grew,two ather 
ſmall horns, or fingers, 'K K, which were hairy; but,{mall m this Figuze 5 
but of another ſhape, and bigger in proportion, in the 24. Scheme} where 
they, are-marked with GG, whichtwo indeed {eem'd:a kind. of ,ſmllers, 


- 


but whether ſo or not, I cannot pglitively deternyne: Modu If 92 
The Thorax or middle part of: this Fly, wasas'd; both. aboygaptlibe- 
neath, with a very. firm,cruſt of armgur, the upper-part ,morexongd,and 
covered over with long conical bxitles,all _—- —_ pointe ardsz 
out, of the hinder and,.under part of this grew qut ina cluſter lax-legps, 
three of which are apparent.in the Figure, the other three were hid by the 


body 


f 
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body plac'd in/that poſture; 'The leggs were all mach of the ſame make 

| br of them cover'd with a frets hairy ſcale or __ like the legs 
of a Crabb or Lobſter,and the contrivance of the joints ſeem'd muchthe 
ſame 3 cach egg ſeem'd made up of eight parts, 1; 2, 3,4, 5:6, 7, 8, to 
the eighth or laſt of which, grew the ſoles and claws, deſcribed before 
inthe 38:0bſervation. 

Out of the upper part of this trunck grew the two wings, which I men- 
tion'd in the 38. Obſervation, conſiſting of a film, extended on: certain 
fmall ſtiff wires or bones: theſe in a blue Fly, were much longer then 

the body, but in other kind of Flies they are of very differing propor- 
tions to the body. Theſe films,in many Flies, were fo thin,that,like feveral 
other plated bodies (mention'd in the ninth Obſervation) they afforded 
all varieties of fantaſtical or tranſient colours (the reaſon of which T have 
here endeavoured to- explain) they ſcem'd"to receive their nouriſhment 
from theſtalks or wires, which ſeem'd to be hollow, and neer the upper 
part of the wing LL ſeveral of them ſeem'd jointed, the ſhape of which 
will ſufficiently appear by the black lines in the fecond Figure of the 
26. Scheme, which is a delineation of one of thoſe wings expanded di- 
tectly to the eyes. 

| All the hinder part of its body is cover'd with a moſt curious blue ſhi- 
ning armour, looking exaCtly like a poliſh'd piece of fteel brought tothat 
blue colour by annealing, all which armour is very thick beſtuck with 
abundance of tapering briſles, ſuch as grow on its back, as is viſible 
enough by the Figure. 

Nor was the inſide of this creature leſs beautifull then its outſide, for 

cutting off a part of the belly, and then viewing it, to ſee # I could dif- 
cover any Vellels, ſuch asare to be found in a greater Animals, and even 
in Snails exceeding manifeſtly,I found,much beyond my expeCtation;that 
there were abundance of branchings of Milk-white'veſſels,no leſs curious 
then the branchings of veins and arteries m bigger terreſtrial Animals,in 
one of which,I found two notable branches, joimng their two main ſtocks, 
as It were; into one common dxFws 3-now. to what veins or arteries theſe 
Veſlells were «nalogay, whether to the 'vera porta, or the weſerarck veſ- 
ſells, or the like; or indeed, whether they were veins and arteries, or vaſa 
laFea, properly fo called; I am not hitherto able to determine, having 
not yet-made ſufficient enquiry z but in all particulars, there ſeems not to 
be any thing leſs of curious contrivance in theſe 'InſeC&ts, then in thoſe 
larger terteftrial Animals, for I had never feen any more curious branch- 
ings of Veſſells, then'thoſe I obſerv'd in two or three of theſe Flies thus 
5 #646 1 gg eter 


It isa-creature active and nimble, ſo as there are very few creatures 
like it, whether bigger or ſmaller, in; ſo much, that "it will ſcape and 
avoid'u-fitiall body;though coming on itexceeding ſwiftly, and ifit ſees 
any per bo {wh rp it fears, it o—_ ſquats down, as it 
were,that"it may be the more ready forits riſe,” 00 oo 7-6 

Norisit leſs hardy inthe Winter, ther ative in the Summer, induring 
all the Froſts, and farviving nll the' next Summer, ESSIENY the 
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bitter cold of our Climate; nay, this creature will indure to be frozen, 
and yet not be Fr 19 ful I have taken one of them out of the Snow 
Whereon it has been trozen almoſt white, with the Ice about it, and yet 
by thawing it gently by the watmth of a fire, it has quickly reviv'd and 
flown about. 

This kind of Fly fees by the ſteams or taſte of fermenting and 
putrifying meat (which it often kifles,as twete, with its proboſcis as it trips 
over it) to be ſtimulated or excited to eject its Eggs or Seed on it, per- 
haps, from the ſame reaſon as Dogs,Cats,and many other brute creatures 
are excited to their particular luſts, by the ſmell of their females, when 
by Nature prepared for generation 5 the males ſeetying by thoſe kind 
of ſmells, or other incitations, to be as much neceffitated thereto, as 
Aqua Regis (trongly impregnated with a ſolution of Gold,is forced to pre- 
cipitate it by the affuſion of ſpirit of Urixe, or aſolution of Salt of 
Tartar. 

One of theſe put in ſpitit of Fine, was very quickly ſeemingly kill'd, 
ad both its eys and mouth began to look very red, but upon the taking 
of it out, and fuffering it to lie three or four hours, and heating it with 
the Sun beams caſt through a Burning-glaſs, it again reviv'd, ſeeming, as 
it were, to have been all the intermediate time, but dead drunk, and af- 
ter certain hours to grow freſh again and ſober, 


Obſerv. XLI1N. Of the Water-Infſe& or Gnat. 


Bis little creatufe, deſcribed in the firſt Figxre of the 27. Scheme, 

 wasa ſmall fealed or cruſted Animal, which I have often obſery'd 

to be generated in Rain-water ; I have alſo obferv'd it both in Pond and 

River-water. It is ſuppos'd by fome, to deduce its firſt original from the 

putrifattion of Raiti-water, in which,if it have ſtood any time open to the 

air, you ſhall ſeldom miſs,all the Summer long, of ſtore-of them friſking 
too and fro. 

"Tisa creature, wholly diffeting in ſhape from any I ever obſerv'd ; nor 
is its motion leſs ſtrange : It has a very large head, in proportion to its 
body, all covered with a ſhell, like other teſtaceons Animals, but it dif- 
fers in this, that it has, up and down ſeveral pres of it, ſevetal tufts of 
hairs, or briſles, plac'd in the order expreſs'd in the Figure; It has two 
horns,whichſeem'd almoſt like the horns of an Oxe,inverted,and, as neer 
as I could gheſs, were hollow, with tufts of briſles, likewiſe at the top;theſe 
horns they could move eafily this or that way,and might, perchance, be 
their noftrils. It has a pretty large mouth, which ſeem d contriv'd much 
like thoſe of Crabs Aa Lobſters,by which, I have often obſerv'd them to 
feed on water, or ſore imperceptible nutritive ſubftance in it. 

k could perceive, through the tranſparent ſhell, while the Animal fur- 
viv'd, ſeveral motions in the head, _ and belly, very wy, 
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of differing kinds which I may, perhaps, elſewhere endeavour more ac- 
curately to examine, and to ſhew of how great benefit the uſe of a A4G- 
croſcope may be for the diſcovery of Nature's courſe in the operations per- 
form'd in Animal bodies, by which we have the opportunity of obſerving 
her through theſe delicate and pellucid a grunt of the bodies of Inſets 
ating according to her uſual courſe and way, undiſturbed, whereas, 
when we endeavour to pry into her ſecrets by breaking open the doors 
upon her, and diſſecting al mangling creatures whil'{t there 1s life yet 
within them, we find her indeed at work, but put into ſuch diſorder by 
the violence offer'd, as it may eafily be imagin'd, how differing a thing we 
ſhould find.if we could,as we can with a Microſcepe,in theſe imialler crea- 
tures, quietly peep in at the windows, without frighting her out of her 
uſual byas. | 
The form of the whole creature, as it appear'd in the Afcroſcope, may, 
without troubling you with more ——_ be plainly enough per- 
ceiv'd by the 8cheme, the hinder part or belly conſiſting of eight ſeveral 
jointed parts, namely, ABCDEF GH, of the firlt Figzre, from the 
midſt of each of which,on either fide,ifſued out three or four ſmall brifles 
or haits, I, I,1I,I,I, the tail was divided into two parts of very differing 
make; one of them, namely, K, having many tufts of hair or briſles, which 
ſeem'd to ſerve both for the finns and tail, tor the Oars and Ruder of this 
little creature, wherewith it was able, by friſking and bending its body 
nimbly to andfro,to move himſelf any whither,and to ſkull and ſteer him- 
ſelf as he pleas'd;the other part, L, ſeem'd to be,as twere,the ninth diviſi- 
on of his belly,and had many fingle briſles on either fide. From the end V, 
of which, through the whole belly, there was a kind of Gut of a darker 
colour, MMM, wherein, by certain Periſtaltick motions there was a kind 
of black ſubſtance moy'd upwards and downwards through it from the 
orbicular part of it, N,(which ſeem'd the Yertricle,or ſtomach)to the tail 
V.and ſo back again, which periſtaltick, motion I have obſerv'd alſo in a 
Louſe, a Gnat, and ſeveral other kinds of tranſparent body'd Flies. The 
Thorax or cheſt of this creature O O OO, was thick and ſhort, and pret- 
ty tranſparent, for through it I could ſee the white heart (which is the 
colour alſo of the bloud in theſe, and moſt other Inſects) to beat, and 
ſeveral other kind of motions. It was beſtuck and adorn'd up and down 
with ſeveral tufts of brifles, ſuch as are pointed out by P, P,P, P, the 
head Q was likewiſe beſtuck with ſeveral of thoſe tufts, SS $; it was 
broad and ſhort, had two black eyes, T T, which I could not perceive at 
all pearl'd, as they afterwards appear'd, and two ſmall horns, R R, ſuch 
as I formerly deſcrib'd. . ago 
Both its motion and reſt is very ſtrange, and pleaſant, and differing 
from thoſe of moſt other creatures I have obſerv'd; for, where it ceaſes 
from moving its body, the tail of it ſeeming much lighter then the reſt 
of its body,and a little lighter then the water it ſwims in, preſently boys 
It up to the top of the water, where it hangs ſuſpended with the head al 
ways downward; and like our Antipodes, if they do by a friſk get be- 
low that ſuperficies, they preſently aſcend again unto it, if they ceaſe 


moving, 
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moving, until they tread, as it were, under that ſuperficies with their 
tails 3 the hanging of theſe in this poſture, put me in mind of a cer- 
tain creature I have ſeen in Londox, that was brought out of America, 
which would very firmly ſufpend it ſelf by the tail, with the head down- 
wards,and was ſaid toſleep in that poſture, with her young ones in her 
falſe belly, which is a Purſe, provided by Nature for the produCtion, 
nutrition, and preſervation of hee young ones, which is deſcribed by Piſo 
in the 24. Chapter of the fifth Book of his Natural Hiſtory of Brafil. 

The motion of it was with the tail forwards,drawing its ſelf backwards, 
by the friſking to and fro of that tuft which grew out of one of the 
ſtumps of its tail. It had another motion,which was more ſutable to that 
of other creatures, and that is, with the head forward ; for by the moving 
of his chaps (if I may fo call the parts of his mouth) it was able to move 
it ſelf downwards very gently towards the bottom, and did,as 'twere,cat 
up its way through the water. 

But that which was moſt obſervable in this creature, was, its Meta- 
morphoſis or changesfor having kept ſeveral of theſe Animals in a Glaſs of 
Rain-water,in which they were produc'd, I found,after about a fortnight 
or three weeks keeping, that ſeveral of them flew away in Gnats, leaving 
their huſks behind them in the water floating under the ſurface, the 
place where theſe Animals were wont to refide, whilſt they were in- 
habitants of the water : this made me more diligently to watch them, to 
ſee if I could find them at the time of their transformation; and not long 
after, I obſerv'd ſeveral of them to be changed into an unuſual ſhape, 
wholly —_ from that they were of before, their head and body be- 
ing grown much bigger and deeper, but not broader, and their belly, or 
hinder part ſmaller, and coyl'd, about this great body much of the faſhi- 
on repreſented by the prick'd line in the ſecond Figere of the 27. Scheme, 
the head and horns now ſwam uppermoſt, and the whole bulk of the bo- 
dy ſeem'd to be grown much lighter; for when by my frighting of it, it 
would by friſking out of its tail (in the manner dowry in the Figure 
by B C) ſink it ſelf below the ſurface towards the bottom ; the body 
would more ſwiftly re-aſcend, then when it was in its former ſhape. 

I ſtill marked its progreſs from time to time,and found its body ſtill to 
uu bigger and bigger, Nature, as it were, fitting and accoutting it 

or the lighter Element, of which'it was now going to be an inhabitant; 
for, by obſerving one of theſe with tny Aficroſcope, I found the eyes of it 
to be altogether differing from what they ſeem d before, appearing now 
all over pearl'd or knobb'd, like the eyes of Gnats. as is viſible in 
the ſecong Frigre by A. At length, I ſaw part of this creature to ſwim 
above, ry = beneath + ——_ of the —_ _— _ though 
it would quickly pl elfifl by any means frighted it,ahd preſent] 
roaſted fneo fo Germer poſture; hr a little longer cxpettarion, | 
found that the head and body of a Ghat,began to appear and ſtand cleer 
above the ſurface, and by degreesit drew out itsleggs, firſt the two for- 
moſt,then the other,at lengrh its whole body perfect and entire appear'd 
out of the huſk (which it left in the water) ſtanding on its leggs upon 


Ce 2 the 


185 


188 


MicROGRAPHIA, 


the top of the water, and by degrees it began to move, and after flew 
about the Glaſs a perte& Gnat. 

I have been the more particular, and large in the relation of the tranſ- 
formation of divers of theſe little Animals which I obſerv'd, becauſe I 
have not found that any Authour has obſerv'd the like; and becauſe the 
thing it ſelf is ſo ſtrange and heterogeneous from the uſual progreſs of 
other Animals, that I judge it may not onely be pleaſant, but very 
uſefull and neceſlary towards the compleating of Natural Hiſtory. 

There is indeed 1n P:ſo, a very odd Hiſtory, which this relation ma 
make the more probable; and that is in the 2. Chapter ofthe 4. Book of 
his Natural Hiſtory of Brafl, where he fays,Porro preter tot documenta fer- 
tilitatis circa vegetabilia &- ſenſutiva marina telluris anmla,accidit &+ illud, 
quod paucis a Paranambucenſi milliaribus piſcatoris uncum citra intentionens 
contingat infigi vadis petroſis,&+ loco piſeis ſpongia,coralla,aliaſque arbuſeulgs 
marinas capi. Inter hac inuſitate forme prodit ſpongioſa arbuſcula, ſeſquipedis 
longitudinis, brevioribns radicibus, lapideis nitens vadis, © rupibus infixa, 
erigiturque in corpus ſpongiofume molle oblongum rotundum turbinatum: intus 
miris cancellis & alveis fabricatum, extus antem tenaci glutine inſtar Apune 
propolis nndique veſtitum, oftio ſatis patulo E» profundo in ſummitate relifo, 

ſrent ex altera iconum probe depifta videre licet (fee the third and fourth 
Figures of the 27. Scheme.) Ita ut Apiarinum marinum vere dixeris ; primo 
enim intuitn # Mare ad Terram delatum ermiculis ſcatebat cernuleis parvis, 
qui mox & calore ſolis inMuſcas,vel Apes potins,eaſq; exignas & nigras tranſ- 
ormebantur, circumvolanteſque evaneſcebant,ita ut de eorum mellificatione 
nihil certi conſpici datum fuerit, cum tamen ceroſa materia propolis Apum- 
que cells manifeſte apparerent,atque ipſa mellis qualiſcunque ſubſtantia procul- 
dubjo nrinataribus patebit, ubi curioſins inquiſtverint hec apiaria, eaque in 
atali ſolo &+ ſalo diverſis temporibus penitins luſtrarint. 

Which Hiſtory contains things ſufficiently ſtrange to be conſider'd, as 
whether the huſk were a Plant, growing at the bottom of the Sea before, 
of it ſelf, out of whoſe putrifaGtion might be generated theſe ſtrange kind 
of Magots z or whether the ſeed of certain Bees, finking to the bottom, 
might there naturally form it ſelf that vegetable hive, and take root; 
or, whether it might not be placed there by ſome diving Fly; or, 
whether it might not be ſome peculiar propriety of that Plant,whereby 
it might ripen or form its vegetable juice into an Animal ſubſtance z, or, 
whether it may not be of the nature of a Sponge, or rather. a Sponge of 
the nature of this, according to ſome of thoſe relations and'conjeCturesT[ 
formerly made of that body, is a matter very difficult to be determined, 
But indeed,in this ne Excellent Pſo has not been ſufficiently 

articular inthe ſetting down the whole proceſs, as it were to be wiſh'd : 
here are indeed very odd progreſles in the production of ſeveral kinds 
of Inſefts, which are not leſs inſtruftive then pleaſant, ſeveral of, which, 
the diligent Goedartizs has carefully obſerv'd and recorded, but among 
all his Obſervations, he has none like this, though that of the Hewerobins 
be ſomewhat of this kind, which is added as an Appendix by Johannes 

Mey. | 
: [ have 
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I have, for my own particular, belides ſeyeral of thoſe mentionid by 
him, obſerv'd divers other circumſtances,perhaps, not much taken notice 
of, though very common, which do indeed afford us a very coercive argu» 
ment to admire the gopdneſs and providence of the infinitely -wiſe-Crea# 
tor in his moſt excellent contrivances and diſpenſations.I have obſerv'd,at 
ſeveral times of the Summer,that many of the leaves of divers Plants'have 
been ſpotted, or, as it were ſcabbed, and looking on the underfides of 
thoſe of them that have been but a litte irregular, L haye'perceiv'd them 
to be ſprinkled with divers ſorts of little Eggs, which letting alone,I have 
found by degrees to grow bigger, and become little Worms with leggs, 
but ſtill to keep their former places,and thoſe places of the leaves,uf their 
own accords, to be grown very protuberant upwards, and yery hollow; 
and arched underneath, whereby thoſe young creatures are; as.it were; 
ſhelter'd and houſed from external injury ; diversleaves T have obſerv'd 
to grow and ſwell fo farr, as at length perteCtly to incloſe the Animal, 
which, by other obſervationsI have made, I gheſs to contaityit, and be- 
come, as it were a womb to it, {o long, till it be 'fit and prepar'd to be 
tranſlated into another ſtate, at what time, like. (what they fay of ) Viz 
pers, they gnaw their way through the wombithat bred them 3 divers of 
theſe kinds I have met with upon Goolberry leaves, Roſe-tree' leaves, 
Willow leaves, and many other kinds. 

There are often to be found upon Roſe-trees and Brier buſhes, little 
red tufts,which are certain knobs or excreſcencies,growing out-from the 
Rind, or barks of thoſe kinds of Plants, they are cover'd with ſtrange: 
kinds of threads or red hairs, which feel very ſoft, and look;not unplea«: 
{antly. In moſt of thele,if it hasno hole init, you ſhall find;certain little; 
Worms, which I ſuppoſe to be the cauſes of their production; for whety 
that Worm has eat its way through, they, having - performed what they: 
were deſign'd by Nature to do, by degrees die and wither away. +  :1-}; 

\ Now,the manner of their production,l ſuppaſe to be thus; that the, Al- 
wife Creator has as well implanted in every. creature a faculty of knows! 
ing what place is convenient for the hatching, ; nutrition, and preſervati- 
on of their Eggs.and of-ſprings, whereby they are ſtimulated and direed: 
to convenient places, which becom, as 'twere the wombs that perforny 
thoſe offices : As he has alſo. ſuited. and adapted: a property to thoſe 
places wherby they grow and incloſe thoſe ſeeds, and having incloſed 
them, . providea convenient nouriſhment for them, | but as ſoon as they 
have done the office of a womb, they die and- wither. | | 
. \;The/progreſs, of incloſure I have often obſery'd in leaves, which in 
thoſe places where thoſe ſeeds have been caſt, have by degrees'fwell'd 
and inclos'd them, ſo perfectly round, as not 'to leave any perceptible 
paſſage out. _ 042 titel bn rim 

From this ſame cauſe, I ſuppoſe that Galls, Oak-apples; and ſeveral 
other. produCtions of that kind, 'upon the branches 'and leavesbf!Trees, 
have their original for if you open any of theta, when almoſt;ripe,:yout 
ſhall find a little Worm in them.» Thus, if you, open never: niany:tuÞ 
Galls, you ſhall find either a hole whereby the Worm has cat> its paſage 


out, 
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out, or if you find no paſſage, you may,by breaking or cutting the Gall, 
find in the middle of it a fmall cavity, and in it a ſmall body, which does 
po enough yet retain a ſhape, to manifeſt it once to have been a 

orm, though it dy'd by a too early ſeparation from the Oak on which 
it grew,its navel-ſtring,as 'twere, being broken off from the leaf or branch 
by which che Globular body that invelop'd it, received its nouriſhment 
from the Oak. 

' And indeed,if we confider the great care of the Creator in the diſpen- 
fations of his providences for the propagation and increaſe of the race,not 
onely of all kind of Animals, but even of Vegetables, we cannot chuſe 
but admire and adore him for his Excellencies, but we fhall leave off to 
admire the creatnre, or to wonder at the ſtrange kind of ating in ſeveral 
Animals, which ſeem to ſavour ſo much of reaſon ; it ſeeming to me moſt 
manifeſt;that thoſe are but aftings according to their ſtruQtures, and ſuch 
operations as ſuch bodies, ſo compos'd, muſt neceſſarily, when there are 
fach and ſuch circumſtances concurring, perform : thus, whenwe find Flies 
ſwarming,about any piece of fleſh that does begin a little to ferment;But- 
terflies about Colworts.and ſeveral other leaves,which will ſerve to hatch 
and nouriſh their young 5 Gnats, and ſeveral other Flies about the Wa- 
ters, and mariſhy places,or any other creatures, ſeeking and placing their 
Seeds in convenient repoſitories, we may, if we attentrvely confider and 
examine it, find that there are circumſtances ſufficient,upon the ſuppoſals 
of the excellent contrivance of their machine,to excite and force them to 
at after ſuch or ſuch a manner 3 thoſe ſteams that riſe from theſe ſeveral 
places may;/perhaps, fet ſeveral parts of theſe little Animals at work,even 
as in the contrivance- of killing a Fox or Wolf with a Gun, the movin 
of a ſtring, isthe death of the Animal 4 for the Beaſt, by moving the fieth 
that is laid toentrap him, pulls the ſtring which moves the trigger, and 
that lets po the Cock which on the ſteel ſtrikes certain ſparks of fire 
which kindle the powder in the pann, and that preſently flies into the 
barrel, where the powder catching fire rarifies and drives out the bullet 
which kills the Animal ; in all which aCtions, there is nothing of intention 
or ratiocination to. be aſcrib'd either to the Animal or Engine, but all to 
the ingeniouſneſs' of the contriver. 

But to return to the more immediate conſideration of our Gnar : 
We have in it an Inſtance, not uſual or common,of a very ſtange' a-yphi- 
bious creature, that hong a creature that inhabits the Air, does yet pro- 
duce a creature, that for ſome time lives in the water as a Fiſh, thou 
afterward (which is as ſtrange) it becomes an inhabitant of the Air, like 
its Sire,in the form of aFly. And this, me thinks, does prompt me to pto- 
poſe certain conjectures, as Queries, having not yet had ſufficient oppor- 
tunity and leiſure to anſwer them my ſelf from my own Experiments 
or Obſervations. | | 

. 'And the firſt is, Whether all thoſe things that we ſuppoſe to be'bred 
from corruption and putrifaftion, may not be rationally fuppos'd to have 

their origination as natural as theſe Ghats, who, 'tis very probable, 

were firft- dropt into this Water, in the form of Eggs. Thoſe Seeds or 
| Eggs 
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Eggs muſt certainly be very ſmall, which fo ſmall a creature as a Gnat 
yields, and therefore: we need not wonder that we find not the Eggs 
themſelves, ſome of the younger of them, which I have obſerv'd, havin 
not exceeded a tenth part of the bulk they have afterwards come to ; ro 
next,l have obſerved ſome of thoſe little ones which muſt haye been gene- 
rated after the Water was incloſed in the Bottle, and-therefore moſt pro- 
bably from Eggs, whereas thoſe creatures have been ſuppos'd to be bred 
of the corruption of the Water, there being, not formerly known any 
probable way how they ſhould be generated. 

A ſecond is, whether theſe Eggs are immediately drapt into the Water 
by the Gnats themſelves, or, mediately, are brought down by the falling 
rain; for it ſeems not very improbable,but that thoſe ſmall ſeeds of Gnats 
may (being, perhaps, of ſo light a nature, and having ſo great a propor- 
tion of ſurface to fo ſmall a bulk of body) be cjetted into the Air, and 
ſo, perhaps, carried for a good while too and fro in it, till by the drops 
of Rainit be waſh'd out of it. 

A third is, whether multitudes of thoſe other little creatures that are 
found to inhabit the Water for ſome time, do not, at certain times, take 
wing and fly into the Air, others dive and hide themſelves in the Earth, 
and fo contribute to the increaſe both of the one and the other Element. 


Poiſcript. | 


A good while fince the writing of this Deſcription, I was preſented by 
Doctor Peter Ba//, an ingenious Member of the Royal Society,with a little 
Paper of Nuts, which he told me was ſent him from a'Brother of his out 
of the Countrey,from Mambead in Devonſhire, forme of them were looſe, 
having been, as I ſuppoſe, broken off, others were ſtill growing faſt on 
upon the ſides of aſtick, which ſeem'd by the bark; pliableneſs of it, and 
by certain ſtrings that grew ont of it, to be ſome piece of the root of 
a Tree; they were all of them dry'd, and alittle ſhrivell'd, others more 
round, of a brown colour; their thape was much like a Figg,- but very 
much {maller,ſome being about the bigneſs of a Bay-berry,others,and the 
biggeſt, of a Hazel-Nut. Some of theſe that had no hole in them, ] care- 
fully opened with my Knife, and found in them a good large round white 
Maggot, almoſt as bigg as a ſmall Pea, which ſeem'd ſhap'd like other 
Maggots, but ſhorter. I could not find them to move; though I gheſs'd 
them tobealive, becauſe upon pricking them witha Pinn, there would i{- 
ſue out a great deal of white 2z#co#s matter,which ſeem'd tobe from a vo- 
luntary contraction of their ſkin ;'their huſk or matrix confiſted of three 
Coats, like the barks of Trees, the outermoſt being more rough and ſpon- 
gc, and the thickeſt, the middlemoſt more cloſe, hard, white, and thin, 
the innermoſt very thin,ſeeming almotft like the ſkin within-an Egg's ſhe: 
The two'outermoſt had: root 1n-the: branch or ſtick, but-the innermoſt 

had no ſtem or proceſs, but was onely a ſkin that cover'd-the-cavity of 


' the Nut; All'the Nuts that had no-holes eaten in them; I found''to con- 


tain theſe Maggots, but all that had holes, I tound 'empty, the: Maggots, 
| It 
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it ſeems, having eaten their way through, taken wings and flown away, 
as this following account (which I receiv'd in writing from the fame per- 
ſon, as it was ſent him by his Brother) manifeſts. In a mooriſh black 
Peaty monld, with ſome ſmall veins of whitiſh yellow Sands, upon occaſion 

igging a hole two or three foot deep, at the head of a Pond or Pool, to 
Z 4 Tree in, at that depth, were found, about the end of Oftober 1663. in 
thoſe veins of Sand, thoſe Buttons or Nuts, ſticking to a little looſe 
frick,, that is, not belonging to any live Tree, and ſome of them alſo free by 
themſelves. 

Forr or five of which being then open'd, ſome were found to contrin 
live Inſe#s come to perfetion, moſt like to flying Ants, if-not the ſame, in 
others, Inſets, yet imperfe@, having but the head and wings form'd, the reſt 
remaining a ſoft white pulpy ſubſtance. 

Now. as this furniſhes us with one odd Hiſtory more,very agreeable to 
what I before hinted, ſo I doubt not, but were men diligent obſervers, 
they might meet with multitudes of the ſame kind, both in the Earth and 
in the Water, and inthe Air, on Trees, Plants, and other Vegetables, all 
places and things being,as It were,animarum plena. AndT have often,with 
wonder and pleafure,in the Spring and Summer-time, look'd cloſe to,and 
diligently on, common Garden mould, and in a very ſmall parcel of it, 
found ſuch multitudes and diverſities of little ravike bene in huſks,others 
onely creepers, many wing 'd, and ready for the Air ; divers huſks or ha- 
bitatians left behind empty. Now, ifthe Earth of our cold Climate be fo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates? Certainly,the Sun may there, by its aCtivity, cauſe as great a 
parcel of Earth to fly on wingsin the Air, as it does of Water in ſteams 
and vapours. And what ſwarms muſt we ſuppoſe to be ſent out of thoſe 
olentifall inundations of water which are poured down by the ſJuces of 
Rain in ſuch vaſt quantities ? So that we need not much wonder at thoſe 
innumerable clouds of Locuſts with which Africa, and other hot coun- 
tries are ſo peſtred, ſince in thoſe places are found all the convenient 
cauſes of their production, namely, genitors, or Parents, concurrent re- 
ceptacles or matrixes,and a ſufficient degree of natural heat and moiſture. 

I was going to annex a little draught of the Figure of thoſe Nuts ſent 
out of Devonſhire , but chancing to examine Mr. Parkinſor's Herbal 
for ſomething elſe, and particularly about Galls and Oak-apples, I found 
among no leſs then 24. ſeveral kinds of excreſcencies of the Oak, which 1 
doubt not,but upon examination,will be all found to be the watrixes of 
ſo many ſeveral kinds of InſeCts ; Ihaving obſerv'd many ofthem my ſelf 
to be ſo,among 24.'ſeveral kinds, I fay,l found one deſcribed and Figur'd 
dire&ly like that which I had by me,the 8chemre is there to be ſeen;the de- 
{cription, becauſe but ſhort, Ihave here adjoin'd Theatri Botarriri trib,16. 
Chap. 2. There groweth at the roots of old Oaks in the Spring-time, and 
ſemetimes alſo in the very heat of Summer, a peculiar kind of Muſhrom or 
Excreſcence, call d Uva Quercina, ſwelling ont of the Earth, many growing 
one cleſe unto another , of the faſhion of a Grape, and therefore took, 
the name , the Oak-Grape,' and i 'of a Purpliſh: colour on the ontſide, 
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and white within like Milk, and in the end of Summer becometh hard 
and' woody. Whether this be the very ſame kind, I cannot affirm, but 
both the Picture and Deſcription come very neer to that I have, 
but that he ſeems not to take notice of the hollowneſsor Worm, for 
which. 'tis moſt obſervable. And therefore 'tis very likely, if men 
did but take notice, they might find very many ditfering Specics of theſe 
Nuts, 0wvaries, or Matrixes, and all of them to have much the ſame 
deſignation and office. And I have very lately found feveral kinds of Ex- 
Joe arregn Trees and Shrubs, which having endured the Winter, up- 
on opening them, I found molt of them to contain little Worms, but 
dead, chote things that contain d them being wither'd and dry, 


Cc —————— _ _— —_— 


Oblerv. XLIV. Of the tufted or Bruſb-horn'd Gnat, 


His little creature was one of thoſe multitudes that fill our Emglzf 

air all the time that warm weather laſts, and is exactly of the ſhape 
of that Iobſerv'd to be generated and hatch'd our of thoſe little Inſets 
that wriggle up and down in Rain-water. But,though many were of this 
form, yet I obſery'd others to be of quite!other kinds; nor were all 
of this or the other kind generated out of Water InfſeCts; for whereas I 
obſerv'd that thoſe that proceeded from thoſe InſeQts were at their full 
growth, I have alſo found multitudes of the ſame ſhape,but much ſmaller 
and tenderer ſeeming to be very young ones, creep up and downupon 
the leaves of Trees, and flying up and down in ſmall cluſters, in places 
very remote from water and this Spring, I obſerv'd one day, when the 
Wind was very caltn, and the afternoon very fair, and pretty warn, 
though it had for a long time been very cold weather, and the wind con- 
tinued {h1! in the Eaſt, ſeveral ' ſmall ſwarms of them playing to and fro 
in little clouds in the Sun, each of which were not a tenth part of the 
bigneſs of one of theſe I here have delineated, though very much of the 
ſame ſhape, which makes me gheſs, that each of theſe ſwarms might be 
the of-ſpring Of one onely Gnat, which had been hoorded up in ſome ſafe 
repoſitory all this Winter by ſome provident Parent, and were how, by 
the warmth of the Spring-air, hatch'd into little Flies. 

And indeed, fo various, and ſeemingly irregular are the generatiohs or 
produCtions of InſeRs, that he that ſhall carefully and'diligently obſerve 
the ſeveral methods of Nature therein, will have infinitely cauſe further 
to admire'the wiſdom and providence of the Creator ; for not onely the 
ſame kind of creature may be produc'd from ſeveral kinds of ways, but 
the very ſame creature may produce ſeveral kinds: For,as divers Watches 
may be made out of ſeveral materials, which may yet have all the ſame 
appearance,and move after the fame manner,that is,ſhew the hour equally 


true, the one as the other, and out of the fame kind of matter, like 
Watches,may be wrought differmg ways; ” hl one and the fame Watch 
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may, 
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may, by being diverſly agitated, or mov'd,by this or that agent, or.after 
this or that manner, produce a quite contrary effect : So may it be with 
theſe moſt curious Enginesof Inſe's bodies; the All-wiſe God of Nature, 
may have ſo ordered and diſpoſed the little Automatons, that when nou- 
riſhed; ated, or enlivened by this cauſe, they produce one kind of effect, 
or animate ſhape, when by another they act ; rg another way, and ano- 
ther Animal is produc'd. So may he fo order ſeveral materials, as to 
make them,by fverat kinds of methods, produce ſimilar Automatons. 

But to come to the Deſcription of this Inſect,as it appears through a A47- 

croſcope,of which a repreſentation is made in the 28.Scheme. Its head A, is 
exceeding ſmall, in proportion to its _ conſiſting of two cluſters of 
pearl'deyes BB, on each fide of its head, whoſe pearls or eye-balls are 
curiouſly rang'd like thoſe of other Flies ; between theſe,in the forchead 
of it, there are plac'd upon two ſmall black balls, CC, two long jointed 
horns, tapering towards the top, much reſembling the long horns of 
Lobſters, each:of whoſe ſtems or quills, DD, were. briſled or bruſhed 
with multitudes of ſmall ſtiff hairs, ifjuing out every way from the ſeve- 
ral joints, like the ſtrings or prongs of the herb Horſe-tazl, which is 
oft obſerv'd to grow among Corn, and for the whole ſhape, it does very 
much reſemble thoſe bruſby Vegetables ; beſides theſe, there are two other 
jointed and brifled horns, or feelers, E E, in the forepart of the head, and 
a proboſcis, F, underneath,which in ſome Gnats are very long, ſtreight 
hollow pipes, by which theſe creatures are able to drill and penetrate 
the ſkin, and|thence, through thoſe pipes ſuck ſo much bloud asto ſtuff 
their bellies fo full till they be ready to burſt. 

This ſmall head,with its appurtenances,is faſtned on by a ſhort neck,G, 
to the middle ofthe thorax, which is large, and ſeems caſed with a ſtrong 
black ſhel,H IK, out of the under part of which, iflue fix long and ſlender 
legs, LLLLLL, ſhap'd juſt like the legs of Flies, but ſpun or drawn out 
longer and ſlenderer,which could not E expreſs din the Figure, becauſe 
of their great length 3 and from the upper part, two oblong, but ſlender 
tranſparent wings, MM, ſhaped —_— like thoſe of a Fly,underneath 
each of which, asI have obſerv'd alſo in divers ſorts of Flies, and other 
kinds of Gnats, was 'placed a ſmall' body, N, much reſembling a drop 
of ſome tranſparent glatinous ſubſtance, hardned or cool'd, as it was al- 
moſt ready to fall, for it hasa round knob at the end, which,by. degrees 
grows ſlenderer into a'ſmall ſtem,and neer the inſertion under the wing, 
this ſtem again grows bigger 3 thele little Pendulums,as | may ſo call them, 
the litle creature vibrates to and fro very quick when it moves its wings, 
and I have ſometimes obſerv'd it to move themalſo, whil'ſt the wing lay 
{till, : but always their motion ſeem'd to further the motion of the wing 
ready to follow ;, of what uſe they are, asto the moving of the wing, or 
otherwiſe, I have not now time to examine. 

.. Its belly was large.as it is uſually in all InfeCts, and extended into nine 
lengths or partitions, each of which was cover'd with round armed rings 
or ſhells; {ix of which, OP QRS T were tranſparent, and divers kinds 
of Periftaltick, motions might be very eaſily perceiy'd, whil'ſt the Animal 
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Was alive, but eſpecially a fnall cleee white part V, ſeeined to beat like 
the heart of a larger Animal, The laſt three divikes, W X Y, were cor 
verd. with black and opacous thells. To conclude, take this creature 
altogether, and for beauty and; curious contrivances, it nay be compared 
with the largeſt Avimal upon the Eanth, Nor doth, the Alwiſe Creator 
ſeem to have ſhewn leſs care and providence inthe fabrick of it, then in 
thoſe which ſeem molt confideyable. 


Obſerv. X L V. Of the great Belh'd Guat of female Gnat, 


He ſecond Gnat , delineated in the twenty ninth Scheme, is of 4 

i very diftering ſhape from the farmer;but yet of this ſort alſo,l found 
ſeveral of the Gnats, that were generated qut of the Water Inſet : the 
wings of this, were much Jarger then thoſe of the other, and the belly 
much bigger, ſhorter and of ap other ſhape 3 and, froty ſeveral particu- 
lars, I gheſt it to be the Female Gnat, and the former to be the Male; 

The thorax of this, was much like that of the ather,having a very ſtrong 
and ridged back-piere; which went alſo on either fide of its leggs; about 
the wings there were ſevera} jaynted pieces of Armor, which ſeem'd cu- 
rioully and conveniently contriv'd, for the promoting and ſtrengthning 
the motion of the wings;its head was much differiog fram the other,being 
much bigger and neater ſbap'd, and the horngthat grew out between his 
eyes ontwo little balls, were of a very differing ſhape from the tufts of 
the other Gnat, theſe having but. a few knors ox joynts, and each of 
thoſe but a few, and thoſe ſhart and ſtrong, brilles. The formoſt horns 
or feelers, were like thoſe of the farmer Gnat. ; 

One of theſe Gnats I have ſuffer'd to pierce the ſkin of tay hand, with 
its proboſcis, and thence to dray. put as much blood as to fill its. belly 
as full as it could hold, making it appear very red and tranſparent 3 and 
this without any further pal, thep whilſt it was ſinking in its probeſeis, as 
it is alſo in the ſtinging of Fleas: a gaod argument, that theſe creatures 
do not wound the ſkin, and ſuck the blood out of enmity and revenge, 
but for meer neceflity, and to ſatisfy their hunger. By whaz means this 
creatute is able to ſuck, we ſhall ſhew in another place, 


Mo —_— = ——— 


Obſerv. KXLVI, Of the white featherwingd Moth or Tinca 
 Argentea. 


His white long wing'd Moth, which is delineated jo the 30. Schemes 
afforded aJovely obje&t both tothe naked Eye,and through a 4i- 
croſcope:: to the Eye ut appear foal 108 whey Fly with four FARE 
2 ings 
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Wings, the two formoſt ſomewhat? '- | 
the two ſhorter about half an Inchi of which four V 


to confiſt of two ſmall long Feathers, \ : w» wc tufted, Ny c iy 


each ſide, with purely white, and exceedingly fine and ſemall Haires, f 


tufts of a long wing-feather of ſoine Bitd, and their ſtalks or ſteths' 
like thoſe, bended backwards and downwards, as may be plainly & 
the draughts of them in the Figure. . 


portion'd to the ſtalks or ſtems, out of which they grew, much ny . - F 


Obſerving one of theſe in m Microſcopes found,in the firſt place, —__ + 3 


all the Body Legs, Horns alks of the Wings, EXE COVETE! 
with various Ri oof Pha va white Feathers, which did; with 
or touching, eafily rubb off and fly about, in ſo much that _— 
Fingets, with which T had handled this Moth, and perceiving on t 


tle white {| ecks, I found by my Aferoſcope, that they were ſeveral 
{mall Fearhi 


veredallovet with a cfſted Shel}, like bther of thoſe Animals, but 
one much thinner and tenderer. / cd 1-96 


'Thir4y; Tfound,' iti Birds alſo isHiotable; ithid difterin and 


rkindsof Feitthers, 'that covertdeveral parts of its body. / 11... 


arts of -ies/body, with fiore acoutars | 
; Ffoube that the tufts orhaires of its Wit 


wigg of Bitch, ftript of 


t out "brul of pr 


Everyoliebs the Kt Seb branhcrtha conti ed 


Rath the cathe chery 2h, Glaſs (of whiel hr 


EF'whichrepr is of the leſfer, 


ce Fre 6 Magury Ho 
whichs en) ik rey This: Feathers ao that" covered 4 
the bruſh of his Wit La | 


part of his Body, atf@® weteh 


tound,in'the bigger Magyify Glaſs, ne Fm A,confilting Of @ 

or:ſtem in the middle; atid:afeemitips exitedecls'o 'Or bruſhy part'6treach- - 
fide. The Feathersthat!eover'd 4 :patit of his Body and* the” Nate 
his wings, were, in the ſame' ——_ ; much of the fign ire B, appearing'of. 
the ſhape of a ſmall Feather, atid tcenied tufted: Tok which covered 


the Horns and ſmall yep of the Leggs, through the ſame Aficroſe 


pear d of the ſhape C. 
Feathers, conſiſted of ſuch component particles as the - of Bir 
I much doubx, begauſe I find thatNature does not alwaies kegp, or 
rate after the'ſame* rh8tHod) in, fmilfer and Da ny creatureg/19 


of this, we have particular Inftances i in the Wings of ſeyeralcregrures. 'I 


4 


_ Whether the tufts of any or all of theſe {ma 7 | 


ers of this little recs. THe ſtuck up and down in the/fu#* 
goſties of miy Skin.” > 2105.5 Fi. (IN 
Next, Ifound'that a eaties Feathers, the pretty Inſe@& wagth * 2 


For whereas, in Birds of all kinds, it compoſes each of the Feathers of -  * 


which its Wing conliſts, of fuch an exceeding curious and molt admirable + © 


and: ſtupendious tEXFUrE;; [as Tee whereſſhew; inithe Obſervations 


Feather we'find it to alterfits method quite, inthefabrick of.ctheWings | 4 
of theſe minute creatures,compoling ſome of thin:xxtended membranes _ 


or 
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or ſkins, ſuch as-the Wings of Dragon-flys 3 in others, thoſe, ſkins are all, 
over-grown, or pretty thick beſtuck, with ſhort briſles. as in Fleſb-flies 5 
in others, thoſe filmes are covered, both on the upper and under fide,, 
with'ſmall Feathers, plac'd almoſt hike the tyl6s on a Houſe, and are 
curiouſly rang d and adornd with moſt Jively, colours, as, is ob- 
ſervable in Butter-flies, and ſeveral kinds of Moths 5 In others, inſtead of: 
' their films, Nature has provided nothing, byt,a matter of, halt a ſcore 
ſtalks(if I well remember the number: for I have not lately met with any 
of thele flys, and did not,when I firſt obſerv'd them, take ſufficient notice 
of divers particulars) and each of thele (talks, ' with a few imgle branch- 
ings on each fide, reſembling much the branched bagk-bone ot a Herring 
orithe-like Fiſh, or a thin hair'd Peacocks feather; the tap. or the eye 
being broken off. With a few of theſe on either: fide{which it was able to 
ſhutup or expand at pleaſure, much like a Fann,, or rather like the po- 
ſture-of the feathers 1n a wing, whichly all ong, under another, when 
ſhut, and by the fide: of each-other, when expanded) this pretty little 
grey Moth (for ſuch was the creature T obſery'd, thus wing'd.). could ve- 
ryinimbly, and as it ſeem'd very';gafily move, its. corpuſcle , through the 
Air,from place to place. Other, Inſects have their wings cas'd, or.cover'd, 
over, with certain hollow ſhells, ſhap'd almoſt like thoſe hollow Trayes, 
in which Butchers carry meat, whoſe hollow fides being turn'd down- 
wards, do not only ſecure their folded wings from injury of the earth, 
in which moſt of thoſe creatures xclde, but whilſt,they'fly,, ſervesas a 
hetp'to fuſtain and bear them up. "And chaſedFe oblervablein 9chrabeds) 
and a multitude of other terreſtrial m__— Inſects ; in which we may 
yet further obſerve a particular providence of Nature. | 
Now in all theſe Kinds of wings, we obſerve thisparticular, as a thing 
moſt worthy remark ;/'that where-ever a wing conſiſts of diſcontinued 
parts, the Pores or iztcrſtitia betweenthoſs'paits are very ſeldom, either 
much bigger.or much {maller, they/thelſe which we here find between the 
patticles of theſe bruthes, ſo'thatye ſhould (een to intimate, that-the 
parts of the Air areſuch, that thep will not eafily or,readily, it at all, pals 
through theſe Pores, ſo:that they {tem to be {trainers fine; engugh to hin- 
der the particles of the Air (whether hinder'd.by their bulk, or by their 
agitation; circulation, rotation or nuuulation ,, I ſhall not here, determine) 
from getting through them;andþby rhiat means;{erye the Animal as well,if 
not'better, then if they were litgle films; : I ſay, ot better;,becauſe I 
have obſerv'd that all thoſe creatuvesy that havefi}m'd wings, ove theny 
aboundantly quicker aid more ftrbngly,fuch as allkind of Flies and. $ca+ 
rabees and Batts, then ſuch as have their wings 6@vgted! with feathers, as 
Buitter-flies and Birds}or ewiggag as Moths, whinhdagyereach of; them a 
miichNower: motion 'of ahtirwingsz? That licelexwgagedaeſs, perhaps of 
their Wings helping them ſometwhag;by taking bettex-hold of the, parts gf 
the'Air, or ——— them-fo eutily to pals by; ajypther way;then.ong.; 
But whatever be the reafomobyt its. moſbevidene;. that, the ſmooth 
wing'd Thle&ts have the ſtrongeftiMuſdheson;nipventiparts of thei wings,! 
and the other much weaker ; /andthis yery Inſedts Wdare now Adkrmhing, 
ft, : 
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hid a vay fatal thorax of middle: part of his body, if compat'd tothe. 
—_ and number of his wingsz- which therefore, as he mov'd-then ve+ 
ry tlowly,ſo niuſt he move them very weakly. And this laſt propriety do- 
we find ſomewhat obſerv'd alſo in bigger kind of Flying creatures,Birds.z 
{0 that we ſee that the Wiſdom/and Providence of the All-wiſe Creator, 
is Hot Iefs ſhewn in theſe ſmall deſpicable creatures, Flies and Moths, 
which we have branded with a name of ignominy, calling them-Vermine, 
then in thoſe greater and more remakable animate bodies, Birds. 

1 cannot here ftand to add any thing about the nature of flyin 
though, perhaps, on another occaſion, I may fay ſomething on thae fu 
Xa, rt being ſuch as may deſerve a much more accurate examination and 
ſcfutity then it has hitherto met with ; For tome there ſeems nothi 
waritttig to make a man able to fly, but what X be eafily enough ſup- 
zly'd from the Mechanicks hitherto known, fave onely the want of 
Feveh th, which the Muſcles of a man ſeem utterly uncapable of, by rea- 
ſor of theit ſmalteſs and texture, but how even ſtrength alſo may be me- 
chanically made, an artificial Muſcle fo contriv'd,that thereby a man ſhall 
be able to exert what ſtrength he pleaſes, and to regulate it alſo to his 
owri tmihd, I may elfewhere endeavour to maniteſt. 


— _———  ————— —— 
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Obſerv. XLVII, Of the Shepherd Spider, or long leog'd 
Spider, 


E & He Carter,Shepherd Spider,or long-legg'd Spider,has, for two parti- 
_ cularities, very few ſimilar creatures that I have met with z the firſt, 
which is diſcoverable onely by the Aficroſcope, and is in the firſt and {c- 
6vtid Figures of the 31. Scheme, plainly deſcnib'd, is the curious contri- 
varict of his eyes, of which (diffeting from moſt other Spiders) he has 
onely two, and thoſe plac'd upon the top of a {mall pillar or hillock,rifin 
otit of the middle of the top of its back, or rather the crown of its head, 
for they were fix d on the very top of this pillar (which is about the 
heighth of orie of the whifrerls Diameters of the eye, and look'd on in 
ahother poſture,appear'd much of the ſhape, B CD) The two eyes, BB, 
were placedback to back, with the tranſpatent parts,of the pupils, look- 
hg towards cither fide, but ſomewhat more forward: then backwards, 
C Was the column or veck on which they ſtood, and D the crown of the 
head outof which thatrneck ſprung. 
Thele eyes,touppearance, bem'd to beof the very ſame ſtructare with 
that vflarper binocular creatures, ſeeming to have a very ſmooth and.ve- 


ry 


profuderant Correa,and in the midit of it to have a yery black pupil, 


incompalled about with a kind of grey #ris, as appears by the Figure 3 
whether it were able to move theſe eyes:to and fro, Ihave not obſery'd, 
but 'tis hot very likely he ſhould, che pillar or neck C, feemivg 
ver'd and Riffen'd with a'cruſty 


to be co- 
ſhell; but Nature,in probabilay,has by: 
P'Y 


Schem xXxx1 
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ply'd that defe(t, by making the Cornea o very protuberant, and ſetting 
it ſo cleer above the ſhadowing or obſtruCting of its proſpeCby the body, 
that'tis ikely each eye may eredive,thotigh not ſee diſtinctly, almoſt a 
Hemiſphere, whence having fo ſmall and round a body plac'd upon ſuch 
long leggs, it is quickly able fo to wind, and turn it, as to fee any thing 
diſtin. This creature, as do all other SpidersI have yet exatnin'd, does 
very much differ from moſt other inſects in the Figure of its eyes; for 
I cannot, with my beſt A/croſcope, diſcover its eyes to be any ways 
knobb'd or pearl'd like thoſe of other InſeCts. 

The ſecond Peculiarity which is obvious to the eye, is alſo very re- 
markable, and that is the prodigious length of its leggs, in proportion to 
its ſmall round body, each legg of this I drew, being above ſixteen times 
the length of its whole body, and there are ſome which have them yet 
longer, and others that ſeem of the ſame kind,that have them a great deal 
ſhorter; the eight leggs are each of them jointed, juſt like thoſe of a 
Crab, but. every, of the parts,are- ſpun out prodigioully longer inpro» 
portion; each of theſe lepgs are terminated in a ſmall cafe or ſhell,ſhap'd 
almoſt like that of a Muſle-ſhell, as is evident in the third Figwre of the 
ſame Scheme (that repreſents the appearance of the under part or belly 
ofthe creature) by the ſhape of the protuberant conical body, I1TII, &*c. 
Theſeareas 'twere plac'd or faſten'd on to the protuberant body of the 
Inſe&t,which isto be ſuppos'd very highat M,making a kind of blunt cone 
whereof M is to be ſuppos'd the Apex; about which greater cone of the 
body,the ſmaller cones of the leggs are plac'd,cach of them almoſt reach- 
ing;to/the top-in ſo admirable a manner, as does not a little manifeſt the 
wiſdom of Nature in the contrivance for theſe long Leavers (asI may fo 
call them)of the legs, havingnot the advantage of a long end on the other 

fide of the b4ypomochlion or centers on which the parts of the leggs move, 
muſt neceſſarily require a valt ſtrength to' move them, ahd keep the 
bod ballanc'd and ſuſpended, in ſo much, that if we ſhould ſuppoſe a 
man's body ſuſpended by 4uch a contrivance, an hundred and fifty 
times the ſtrength of a man would not keep the body fromfalling on the 
breaſt. To ſupply therefore each of theſe leggs with its proper ſtrength; 
Nature has allow d to each a Jarge Cheſt or Cell; in which is included a 
very large and ſtrong Muſcle, and thereby this little Animal is not onely 
able to ſuſpend its body upon leſs then theſe eight, but to move it very 
ſwiftly over the tops of graſs and leaves... . . WEE 
)[{!Nor are theſe eight leggs ſo prodigioufly long, but the ninth,” and 
tenth, which arethe two claws, K-K, are as ſhott, and ſerve-inſteed of a 
proboſcis, for thoſe ſeem'd yer little longer then his mouth; each of;them 
Fd three parts; but very ſhoft- the joints KK,-which''repreſented 
the! third, being longer thetzboth the orber.\ This creature; ſects 
(which I have ſeveral times with pleaſure obſerv'd). to throw, its bory 
upon the prey, inſteed of its hands, not unlike a hunting Spider, whic 
leaps like a Cat at a Mouſe.) The whole Fabrick was a very pretty one, 
and could I have diſleced it,l doubt not but Iſhould: have found ,as'ma- 
ny ſingularities within it as without, perhaps, for the moſt part,not unlike 
| the 
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the parts of a Crab, which this little creature does in many things, very 
much reſemble; the curiofityof whoſe contrivance,] have in another place 
examin'd. I omit the deſcription of the horns, A A, of the mouth, L 
which ſeem'd like that of a Crab ; the ſpeckledneſs of his ſhell; which 
roceeded from a kind of feathers or hairs, and the hairineſs of his1 
bis large thorax and little belly, and the like, they being manifeſt 
the Figure ; and ſhall onely take notice that the three parts of the body, 
namely, the head,breaſt,and belly,are in this creature ſtrangely confus'd, 
ſo that 'tis difficult to determine which is which,as they are alſo in a Crab; 
and indeed, this ſeemsto be nothing elſe, but an Air-crab, being made 
more light and nimble, proportionable to the wediuar wherin it reſides; 
and as Air ſeems to have bat one thouſandth part of the body of Water,ſo 
does this Spider ſeem not to be a thouſandth part of the bulk of a Crab. 


————_— ——— —— ——_ > _—_— — 


———— 


Obſerv. XL VII, Of the hunting Spider,and ſeveral other ſorts 
of Spiders. If | 


"THe hunting Spider is a {mall grey Spider, prettily beſpeck'd with 
.* black ſpots all over its body, which the Aficroſcope diſcoversto be a 
kind of feathers like thoſe on Butterflies wings, or the body: of the 
white Moth I lately deſcribd. Its gate is very nimble by fits, ſometimes 
running, and ſometimes leaping, like a Graſhopper almoſt,then ſtanding 
ſtill, and ſetting it ſelf on its hinder leggs, it will very.nimbly turn its 
body, and look round it ſelf every way ; It has fix very conſpicuous 
eyes, two looking directly forwards, plac'd juſt before 3, two other, on 
either ſide of thoſe, looking forward and fide-ways;and two other about 
the middle of the topof its back or head, which look backwards and 
fide-wards; theſe ſeem'd to be the biggeſt. The ſurface of them all was 
very black,ſpharical, purely poliſh'd, reflefting a very, cleer and diſtin& 
Image of all the ambient objects, ſuch as a window,a man's hand,a white 
Paper, or the like. Some other properties of this Spider, obſery'd hy the 
molt accumpliſh'd Mr. Evelyn, in his travels in 1t«{y, are. moſt empha- 
tically ſet forth in the Hiſtory hereunto annexed, which he was pleas d 
upon my deſire to ſend me in writing. 1103 olds 


Of all the ſorts of Inſets, there is none has afforded:me 
more divertiſements then the Venatores, which arc-a ſorr of Lupi, 
that have their Denns in the rugged yalls, and crevices of our 
houſes ; a ſmall brown and delicately ſpotted kind of Spiders, 
whoſe hinder leggs are longer then the reſt, | 

Such I did frequently obſerve at Rome, which eſpying a Fly 
at three or four yards diſtance,upon the Balcony. (where I ſtood) 

SER would 
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would not make dire&aly to her, but craul under the Rail; titf 


being arriv'dto the Arntipodes, it would ſteal up, ſeldom'mifling 


Itsaim ; bur if it chanced ro want any thing of being perfe&ly 
oppoſite, would at firſt peep, immedaatly {Iide down again, till 
taking betrer notice, it would come the next time exally upori 
the Fly's back ; Bur, if this hapn'd not to be withina compe- 
tent leap, 'then would this Inſe& move fo loftly, as the very 
ſhadow of the Gnomon ſeem'd not to be more imperteptible, 
unleſs the Fly mov'd; and then would the Spider move alſo in 
the fame proportion, keeping chat juſt time' with her motion.as 
if the ſame Soul had animated both thoſe little bodies ; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like.a well mannag'd Horſe ; Bur, if 
the capricious Fly.cook wing, and pitch'd upon anather place 
behind our Huntreſs, then would the Spider whirle its body ſo 
nimbly abour, as nothing could -be imagin'd more ſwift ; by 
which means,the always kept the head towards her orey.chough 
to appearance, as immovable,. as if it had'been a Nail driven 
into the Wood, till by that indiſcernable progreſs (being ar- 
riv'd within the ſphere of her reach) ſhe made a' taral keap 
(ſwift: as Lightning) upon the Fly, catching him in the pole, 
where. ſhe never quitted hold till her belly was full, and then 
carried the remainder home. I have beheld them inſtrutting 
their young ones, how to hunt, which they would ſometimes 
diſcipline for not well obſerving ; but, when any of the old 
ones did ' (as ſometimes) mils a leap, they would run out of 
the field, and hide them in their crannies, - as aſham'd, and 
haply not be ſeen abroad for four or five hours atfter:; for ſo 
long have I watched the nature of this ſtrange Inſe&, the con- 
templation of whoſe ſo wonderfull fagacity and addrefs has 
amaz'd me; nor do I find in any chaſe whatſoever, more cun- 
ning and Stratagem obſerv'd : I have found ſome of theſe Spi- 
ders in my Garden, when the weather (towards the Spring) 
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is very hot, but they are nothing ſo eager of hunting as they 
are in tab, 


There are multitudes of other ſorts of Spiders, whoſe eyes, and moſt 
other parts and properries, are ſo exceedingly different both from thoſe 
I have deſcrib'd, and from one another, that it would be almoſt endleſs, 
at leaſt too long for my preſent Eſlay, to deſcribe them,as ſome with fox 
eyes, plac'd in quite another order ; others with eight eyes; others with 
fewer, and ſome with more. They all ſeem to be creatures of prey,and 
to feed on other ſmall InſeCts, but their ways of catching them ſeem-ve 
differing : the Shepherd Spider by running on his prey 3 the Hunting Spt- 
der by leaping on 1t,other forts weave Nets, or Cobwebs, whereby they 
enſnare them, Nature having both fitted them with materials and tools, 
and taught them how to work and weave their Nets, and to lie per- 
due, and to watch diligently to run on any Fly, as ſoon as ever en- 
tangled. 

Their thread' or web ſeems to be ſpun out-of ſome viſcous kind of 
excrement, lying in their belly, which, though ſoft when drawn out, is, 
preſently by reaſon of its- ſmalneſs, hardned and dried by the ambient 
Air. Examining ſeveral of which with my Micreſcope,l found them to ap- 
pear much-like white Horſ-hair, or ſome br tranſparent horny ſubſtance, 
and to be of very differing magnitudes; ſome appearing as bigg as a 
Pigg's briſle, others equal to a Horſs-hair z other no bigger then a man's 
hair 3 others yet ſmaller 'and finer. I obſerv'd further, that the radia- 

ting chords of the web were much bigger, and ſmoother then thoſe that 
were woven round, which ſeem'd ſmaller,and all over knotted or pearl'd, 
with ſmall tranſparent Globules, not unlike ſmall Cryſtal Beads or ſeed 
Pearls, thin ſtrung on a Clew of Silk ; which, whether they were ſo ſpun 
by the Spider, om, Va the adventitious moiſture of a fogg (which Thave 
obſerv'd to cover all theſe filaments with ſuch Cryſtalline Beads) I will 
not now diſpute. 

Theſe threads were ſome of them ſo ſmall), that I could very plainly, 
with the Aficroſcope, diſcover the ſame conſecutions of colours as in a 
Priſme, and they ſeem'd to proceed from the ſame cauſe with thoſe co- 
lours which I have already deſcrib'd in thin plated bodies. 

Much reſembling a Cobweb, or a confus'd lock of theſe 'Cylin- 
ders, is a certain white ſubſtance which, after a fogg, may be'obſery'd 
to fly up and down the Air; catching ſeveral of theſe, and examining 
them with my Aicroſcope, I found them to be much of the ſame form, 
looking moſt like to a flake of Worſted prepar'd to be ſpun, though 
by what means they fhould be generated, or produc'd, is not cafily 
imagined : they were of the ſame weight, or very little heavier then the 
Air ; and 'tis not unlikely, but that thoſe great white clouds, that appear 
all the Summer time, may be of the ſame ſubſtance. 
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Obſerv. X LIX, Of an Ant'or Piſmire, 


His was a creature, more troubleſom to be'drawn, then any of the. 
reſt, for I could not, for a good while, think of a way to makeir 
ſuffer its body to ly quiet in a natural poſture z but whilſt it was alive, 
if its feet were fetter'd in Wax or Glew , it would: ſo twiſt and wind its 
body, that T ceuld not any wayes get a good view of it 3 andif I killed 
it, its body was folittle, that I did often ſpoile the ſhape of -it, before I 
could throughly view it: for this 1s the nature. of heb 1 minute Bodies , 
that as ſoon, almoſt, as ever their life is deſtroy:d, their parts: mmediate- 
ly ſhrivel, and tofe their beauty ; and fo is it alſo with ſmall: Plants, asI | 
inſtanced before, in the deſcription of Moſs. And thence alſo is the rea- 
ſon of the variations in the beards of wild Oats, and in thoſe of 'Muſk- 
graſs ſeed, that their bodies, buy exceeding ſmall, thoſe ſmall variations 
which are made in the ſurfaces of all bodies, almoſt upon every change 
of Air, eſpecially if the body be porous, do here become ſenſible, where 
the whole body is fo ſmall, that it is almoſt nothing but ſurface; for as in 
vegetable ſubſtances, I ſee no great'reaſon 'to think, that the moiſture of 
the Aire(that, ſticking to a wreath'd beard, does make it untwiſt ſhould 
evaporate, or exhale away, ay faſter then the moiſture of other bodies, 
but rather that the avolation from, or acceſs of moiſture to, the ſurfaces 
of bodies being much the ſame, thoſe bodies become moſt ſenfible of it, 
which have the leaſt proportion of body to their furface. $0 is1t alſo 
with Animal ſubſtances; the dead body of an Ant; or ſuch little creature, 
does almoſt inſtantly ſhrivel and dry, and your objeG ſhall be quite an- 
other thing, before you can half delineate it, which proceeds not from the 
extraordinary exhalation, but from the ſmall proportion of body and jui- 
ces, to the uſual drying of bodies. in the Air, eſpecially if warm. For 
which inconvenience, where I could not otherwite remove it, .I thought 
of this expedient. h, 
I took the creature, I had defign'd todelineate, and put it into a drop 
of very well reCtified ſpirit of Wine,thisI found would preſently diſpatch, 
| asit were; the Animal, and being taken out of it, and lay'd ona paper, 
the ſpirit of Wine would immediately fly away, and leave the Animal 
dry, 1n its natural poſture, or at leaſt, in a conſtitution, that it might eaſi- 
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ly with a pin be plac'd, in what poſture you deſired to draw it, and the 

! Imbs would fo remain, without either moving, or ſhriveling. And thus I 

dealt with this Ant, which I have here delineated, which was one of :ma- 

| ny, of a very large kind, that inhabited under the Roots of a Tree, from 

| whence they would ſally out in great parties, and make moſt grievous 

'havock of the Flowers and Fruits, in the ambient Garden, and return 
back again very expertly, by the ſame wayes and paths they went: 

It was more then half the bigneſs of an Earwig, of a dark brown, or 

reddiſh colour, with long legs, onthe hinder of which it would ſtand 

E e 3 up, 
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up,and raiſe its head as high as it could above the ground, that it night 
ſtare the further about it, juſt after the ſame manner as[ have alſo ob- 
ſerv'd a hunting. Spider to do: and putting my finger towards them, 
they have at fel all cun towardsit,til} almoſt at ſp then they would 
ſtand round about it, at a certain diſtance, and fmell, as it were, and con- 
fider whether they ſhould any of them venture any further, till one more 
bold then the reſt venturing to climbit,all the reſt, if I would have ſuffer- 
ed them, would have immediately followed : many ſuch other ſeeming- 
ly rational aftions I have obſerv'd in this little Vermine with much plea- 

e,which would be too long to be here related 3 thoſe that delire more 
of them may ſatisfie their curioſity in Ligers Hiſtory of the Barbadpes. 

Having inſnar'd ſeveral of theſe into a ſmall Box, I made choice of the 
talleſt grown among them, and ſeparating it from the reſt,l gave it a Gill 
of Brandy, or Spirit of Wine, which after a while e'en knock d him down 
dead drunk, ſo that he became moveleſs, though at firſt putting in he 
ſtruggled for a pretty while very much, till at laſt, certain bubbles iflu- 
ing out of its mouth, it ceaſed to move ; this (becauſe I had before 
found them quickly to recover again, if they were taken out preſently ) 
I ſuffered to lye above an hour in the Spiritz and after I had taken it 
out, and put its body and legs into a natural poſture, remained move- 
leſs about an hour; but then , upon a ſudden, as if it had been awa- 
ken out of a drunken ſleep, it ſuddenly revivd and ran away; be- 
ing caught, and ſerv'd as before, he for a while continued ſtruggling and 
ſtriving,till at laſt there iſſued ſeveral bubbles out of its mouth,and then, 
tanquam animen expiraſſet, he remained moveleſs for a ue while 3 but 
at length again recovering, it was again redipt, and futtered to lye ſome 
hours in the Spirit 3 notwithſtanding which , after it had layen dr 
fome three or four hours, it again recovered life and motion : Which 
kind of Experiments, if proſecuted, which they highly deſerve, ſeem 
to me of no inconfiderable uſe 'towards the invention of the Latext 
Scheme, (as the Noble Yerulam calls it) or the hidden, unknown Texture 
of Bodies. 

Of what Figure this Creature appear'd through the Microſcope, the 
32. Scheme ( though not ſo carefully graven as it ought ) will repre- 
ſent to the eye, namely , That it had a large head AA, attheupper 
end of which were two protuberant eyes, pearl'd like thoſe of a Fly, 
but ſmallerBB ; out of the Noſe,or foremoſt part, ifſued two bornsC C, 
of a ſhape ſufficiently differing from thoſe of a blew Fly, though tadeed 
they ſeem to be both the ſame kind of Organ, and to ſerve for a kind 
of ſmelling ; beyond theſe were two indented Joe D., which he 0+ 
pen'd fide-wayes, and was able to gape them afunder very wide 3'and 
the ends of them being armed with teeth, which meeting went between 
each other, it was able to graſp and hold a heavy body , three or four 
times the bulk and weight of its own body : It had oaly fix legs, ſhapd 
like thoſe of aFly, which, as1ſhewed before, is an Argument that it 15a 
winged Inſett, and though I could not perceive any ſign of them in the 
middle part of its body ( which ſeera'd to conſiſt of three joints or piec- 
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ces EF G, out of which ſprung two legs, yet 'tisknown thatthere are 
of them that have long wings and fly up and down inthe air; 
The third and laſt part of its body III was bigger and larger ther 
the other two, unto which it was jovn'd by a very ſmall middle, and 
had a kind of looſe ſhell, or another diſtinct part of its body H, which ' 


ſeem'd to be interpos'd, and to keep the rb&Fax and belly from tonch-" 
th. yrmeft 


J 


ng. 14! 

The whole body was cas'd over with a very ſtrong armour, and the'! 
belly 111 was covered likewiſe with multitudes of tmall white ſhining! 
briſſes ; the legs, horns, head, and middle parts of its body were beſtuck” 
with hairs alſo, but ſmaller and darker. | Jo 
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Obſerv, L. Of the wandring Mite. 
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N September and Ofober, 1661. I obſerv'd in Oxfordſeveral of theſe 
] little pretty Creatures to wander to and fro,and often to travel over 
the plains of my Window. And in September and Ofober, 1663. I ob- 
ſerv d likewiſe ſeveral of theſe very ſame Creatures traverfing a window 
at London, and looking without the window upon the ſubjacent wall, I 
found whole flocks of the ſame kind running toand fro among the ſmall 
groves and thickets of green moſs, and upon the curiouſly ſpreading ve- 
getable blew or yellow moſs, which is a kind of a Muſhrome or Jews- 
car. 

Theſe Creatures to the naked eye ſeemed to be a kind of black Mite, 
but much nimbler and ſtronger then the ordinary Cheeſe-Mitesz bur 
examining themin a Afcroſcope, I found them a a very fine cruſted 
or ſhell'd Inſe@, much like that repreſented in the firſt Figure. of the 
three and thirtieth Scheme, with a protuberant oval ſhell A, indented 
or pitted with an abundance of ſmall pits , all covered over with little 
white briſles, whoſe points all direted backwards. 

It had eight legs, each of them provided with a very ſharp tallon, or 
claw at the end, which this little Anima], inits going, faſtned into the 
pores of the body over which it went. Each of theſe legs were beſtuck 
in every joynt of them with multitudes of ſmall hairs, or ( if we re- 
ſpe& the proportion they bore to the bigneſs of the leg ) turnpikes, all 
pointing towards the claws. 

The Thorax,or middle parts of the body of this Creature,was exceed- 
ing ſmall, in reſpe& both of the head and belly , it being nothing but 
that part which was covered by the two ſhells BB, though it ſeemm'd to 
grow thicker underneath: And indeed, if we confider the great 
variety Nature uſes in proportioning the three parts of the body, 
the Head, Thorax, and Belly ) we ſhall not wonder at the fmall pro- 
portion of this Thorax , nor at the vaſter bulk of the belly, for could 
we exa(ly anatomiſe this little Creature, and obſerve the particular de- 
figns of each part, we ſhould doubtleſs, as we do in all her more ma- 
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nageable and traQable fabricks, find much more reaſon to admire the 
excellency of, her contrivance and workmanſhip, then to wonder, it was 
not tmmade otherwiſe. 

\ The head'of this little Inſet was ſhap'd ſomewhat like a Mite's, that 
is,it: had a long ſnout, in the manner of a Hogs, with a knobbed ridge 
running along the middle of it, which was beſtuck on either fide with 
many ſmall briſles, all pointing forward, and two very large pikes or 
horns, which roſe from the top of the head, juſt over each eye, and 
pointed forward alſo. It had two pretty large black eyes on either fide 
of the head EE, from one of which I could ſee a very bright reflefion 
of the window, which made me gheſs, that the Cornea of it was ſmooth, 
like thoſe of bigger Inſects. Its motion was pretty quick and ſtrong, 
It —_ m_ very eafily to tumble a ſtone or clod four times as big as its 
whole . 

At the " oi time and place, and divers times fince, Ihave obſerved 
with my Aficroſcope , another little Inſet , which, though I have not an- 
nexed the picture of, may be worth noting, for its exceeding nimbleneſs 
as well as ſmelnefs; it was as ſmall as a Mite, with a body deep and 
ridged, almoſt like a Flea 3 it had eight blood-red legs, not very long, 
but {lender ; and two horns or feelers before. Its motion was fo x onm. « 
ing quick, thar I have often loſt ſight of one have obſerved with my 
naked cye; and though, when it was not frighted, I was able to follow 
the motions of ſome with my Aficroſcope 3 yet if it vvere never {o little 
ſtartled. it poſted avvay vvith ſuch ſpeed, and turn'd and vvinded it ſelf 
ſo quict., chat I ſhould preſently loſe fight of it. 

When I firſt obſerv'd the former of theſe Inſects, or Mites, I began to 
conjeCture, that certainly I had found out the vagabond Parents of thoſe 
Mites we find in Cheeſes, Meal, Corn, Seeds, muſty Barrels, muſty Lea- 
ther, ec. theſe little Creatures, vvandring to and fro every vvhither, 
might perhaps, as they vvere invited hither and thither by the muſty 
ſteams of ſeveral putrifying bodies, make their invaſions upon thoſe new 
and pleaſing territories , and there ſpending the remainder of their life, 
which might be perhaps a day, or thereabouts, in very plentiful and rio- 
tous living, might leave their off-fpring behind them , which by the 
change ot the foil and Country they now inhabite, might be quite al- 
ter'd from the hew of their promogenitors, and, like Mores tranſlated into 
Northern Exropean Climates, after a little time, change both their skin 
and ſhape. And this ſeems yet more probable in theſe Inſefts, becauſe 
that the ſoil or body they inhabit, ſeems to be almoſt half their parent, 
for it not only hatches and brings thoſe little eggs, or ſeminal principles, 
to perfection, but ſeems to augment and nouriſh them alſo before they 
are hatch'd or ſhaped; forit is obvious enough to be obſerv'd, that the 

s of many other Inſetts, and particularly of Mites, are increas'd in 
bulk' after they are laid out of the bodies of the Inſects, and plump'd 
ſometimes into many times their former bigneſs , ſo that the bodies they 
are laid in being, as it were, half their mothers, we ſhall not wonder that 
it ſhould have | ar an ative power to change their forms. We find by 
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relations how' much the Negro Women do beſmeer the of-ſpring of the 
Spaniard, bringing forth aeither white-ſkinn'd nor black, but tawny 
hided Mulattos. | 

Now, though I propound this as probable, I have not yet been ſofarr 
certity'd by Obſervations as to conclude any thing, either poſitively or 
negatively,concerning it. Perha | ban more lucky diligence may pleaſe 
the curious Inquirer with the diſcovery of this,to be a truth, which I now 
conjecture, and may thereby give him a ſatisfatory account of the cauſe 
of thoſe creatures, whoſe original ſeems yet {o obſcure, and may give him 
cauſe to believe,that many other animate beings, that ſcem alſo to be the 
mere product of putritaction, may be innobled with a Pedigree as anci- 
ent; as the firſt creation, and farr exceed the greateſt beings in their-nu- 
merous Genealogies, But on the other ſide, if it ſhould be found that 
theſe,or any other animate body,have no immediate ſimilar Parent,I have 
in another place ſet down a conjeQural Hypotheſis whereby thoſe Phes 


nomena may likely enough be folv'd, wherein the infinite, wiſdom and 
providence of the Creator is no lels rare and wonderfull, 


—_ 


Obſery. L 1. Of the Crab-like biſeS. 


Recs one day in Septerrb. I chanced to obſerve a very ſmal cxeature 
creep over the Bock I was reading, very {lowly ; having a Microſcope 
by me,l obſerv'd it to be a creature of a very unuſual form,and that not 
leſs notable 3 ſuch as is deſcrib'd in the ſecond Figure of the 33. 8chemre. It 
was about the bigneſs of a large Mite,or ſomewhat lotger,it bad en legs, 
eight of which, A A AA, were topt with veryſharp claws, and were thoſe 
upon Which he walk'd, ſeeming ſhap'd much like thoſe of.a Crab, which 
in many other things alſo this little creature reſembled 3 for the two 
other claws,B B, which were the formoſt of all the ten,and ſeem'd to grow 
out of his head, like the horns of other Animals, were exactly form'd in the 
manner of Crabs or Lobſters claws, for they were ſhap'd and jointed 
much like thoſe repreſened in the Scheme and the ends of them were fur- 
niſb'd with a pair of claws or pincers,C C,which this little animal did open 
and ſhut at pleaſure : It ſeem'd to make uſe of thoſe two horns or claws 
both for feelers and holders; for in its motion it carried theſe aloft ex- 
tended before, moving them to and fro, juſt as a man blindfolded 
would do his hands when he is feartull of running againſt a wall, and if I 
put a hair to it, it would readily take hold of it with theſe claws, 
and ſeem to hold it faſt. Now, though theſe horns ſeem'd to ferve him 
for two uſes,namely,for feeling and holding ; yet he ſeem d neither blind, 
having two ſmall black ſpots, D D, which by the make of them, and the 
bright refleCtion from them ſeem'd to be his eyes; nor did it want other 
hands, having another pair of claws, EE, very neer plac'd to its mouth, 

and ſcem'd adjoining to it. 
The whole body was caſed over with armour-ſhells, as ts uſuall by P 
thoſe 
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thoſe kinds of cr»ſtaceons creatures, eſpecially about their bellies, and 
ſeem'd bf three kinds; the head F ſeem'd cover'd with a kind of ſcaly 
ſhell, the thorax with two ſmooth ſhells, or Rings, G G, and the belly 
with eight knobb'd ones. I could not certainly find whether it had under 
theſe laſt ſhells any wings, but I ſuſpect the contrary ; for I have not found 
any wing'd InſeCt with eight leggs, two of thoſe leggs being always con- 
verted into wings, and, for the moſt part, thoſe that have but fix, have 


wInNgs. 

Thivarezrure, though I could never meet with more then one of 
them, and ſocould not make ſo many examinations of it as otherwiſe I 
would,Idid notwithſtanding,by reaſon of the great curioſity that appear'd 
to me in its ſhape, delineate it, to ſhew that,in all likelihood, Nature had 
crouded together into this very minute Inſeft, as many, and as excellent 
contrivances, as into the body of a very large Crab, which exceeds it in 
bulk,perhaps,ſome Millions of times 3 for as to all the apparent parts,there 
is a greater rather then a leſs multiplicity of parts,cach legg has as many 
parts, and as many joints as a Crabs, nay,and as many hairs or briſles; and 
the like may be in all the other viſible parts; and 'tis very likely,that the 
internal curioſities are not leſs excellent : It being a general rule in Na- 
ture's proceedings, that where ſhe begins, to diſplay any excellency, if 
the ſubject be further ſearch'd into, it will manifeſt, that there is not leſs 
curioſity in thoſe parts which our ſingle eye cannot reach, then in thoſe 
which are more obvious. 


Obſerv. L 11. Of the ſmall Silver-colour d Book-worm. 

S among greater Animals there are many that are ſcaled, both for 
A ornament and defence, ſo are there not wanting ſuch alſo among the 
lefler bodies of Inſects, whereof this little creature gives us an Inſtance, 
It is a ſmall white Silver-ſhining Worm or Moth, which I found much con- 
verſant among Books and Papers, and is fuppos'd to be that which cor- 
rodes and eats holes through the leaves and covers; it appears'to the 
naked eye, aſmall gliſtering Pearl-colour'd Moth,which upon theremov- 
ing of Books and Papers in the Summer, is often obſerv'd very nimbly to 
ſcud, and pack away to ſome lurking cranney, where it may the better 
peer it ſelf from any appearing dangers. Its head appears bigg and 


lunt, and its body tapers from it towads the tail, ſmaller and ſmaller,be- 
ing ſhap'd almoſt like a Carret. | 


This the Aicroſcopical appearance will more plainly manifeſt,which'ex- 
hibits,in the third Figure of the 33. Scheme, a conical body, divided into 
fourteen ſeveral partitions, being the appearance of ſo many ſeveral ſhels, 
or ſhields that cover the whole body, every of theſe ſhells are again co- 
ver'd or tiled over with a multitude of thin tranſparent ſcales, which, 
from the multiplicity of their reflecting ar nga 
appear of a pertect Pearl-colour. 


e the whole Animal 


Which 
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Which,by the way,may hint us the reaſon of that ſo much admired ap» 
pearance of thoſe ſo highly eſteem'd bodies, as alſo of the like.in mother 
of Pearl-ſbells, and in multitudes of other ſhelly Sea-ſubſtances; for they 
each of them conſiſting of an infinite number of very thin ſhells or la- 
minated orbiculations, cauſe ſuch multitudes of reflections, that the com- 
poſitions of them together with the reflections of others that are fo thin 
as to afford colours (of which I elſewhere give the reaſon) gives a ve- 
ry pleaſant refleftion of light. And that this is the true cauſe,ſeems likely, 
firſt, becauſe all thoſe ſo appearing bodies are compounded of multitudes 
of plated ſubſtances. And next that,by ordering any traſparent ſubſtance 
after this manner,the like Phenomena may be produc'd ; this will. be made 
very obvious by the blowing, of Glaſs into exceeding thin ſhells, and 
then breaking them into ſcales,which any lamp-worker will preſently do; 
for'a goodquantity of theſe ſcales,laid ina heap together,have much the 
ſame reſemblance of Pearls. Another way, not leſs inſtructive and plea- 
ſant, is a way which I have ſeveral times done, which is by working and 
tofling,as 'twere, a parcel of pure cryſtalline glaſs whilſt it 1s kept glowing 
hot in the blown flame of a Lamp, tor,by that means,that purely tranſpa- 
rent body will be fo divided into an infinite number of plates, or ſmall 
ſtrings, with interpos'd acrial plates and fibres, that from the multiplicity 
of the refleCtions from each of thoſe internal furtaces, it may be drawn 
out into curious Pearl-like or Silver wire, which though ſmall, will yet 
be opacous'; the ſame thing I have done, with a compolition of red Colo- 
phon and Twrpentine, and a little Bee's Wax, and may be done likewiſe 
with Birdlime, and ſuch like glutinous and tranſparent bodies :But to re- 
turn to our deſcription. 

The ſmall blunt head of this Inſe& was furniſh'd on either ſide of it 
with a cluſter of eyes, each of which ſeem'd to contain but a very few, jn 
compariſon of what I had obſerv'd the cluſters of other InſeCts to abojind 
with ; cach of theſe cluſters were beſet with a row of ſmall brifles, much 
like the ci/ia or hairs on the eye-lids, and, perhaps, they ſerv'd for the 
{ame purpoſe. It had two long horns before, which were ſtreight, and 
tapering towards the top, curioully ring'd or knobb'd, and briſled much 
like the Marſh Weed, call'd Horſe-tail, or Cats-tail, having at each knot 
a fring'd Girdle,as I may fo call it, of ſmaller hairs, and ſeveral bigger and 
larger briſles,here and there diſpers'd among them : belides theſe, it had 
two ſhorter horns, or feelers, which were knotted and fring'd, juſt as the 
former, but wantad briſles, and were blunt at the ends; the hinder part 
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of the creature was terminated with three tails, in every particular re- 


ſembling the two longer horns that grew out of the head : The leggs of 
it were ſcal'd and hair'd much like the reſt, but are not expreſs'd in this 
Figure, the Moth being intangled all in Glew, and fo the leggs of this 
x 15 wh not through the Glaſs which looked perpendicularly upon 

the back. | | 
This Animal probably feeds upon the Paper and covers of Books, and 
perforates in them ſeveral ſmall round holes, finding, perhaps, a conve- 
nient nouriſhment in thoſe huſks of Hemp and Flax, which have pats'd 
| Ft | through 
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__ h ſo many fcourings, waſhings,drefſings and dryings, as the parts 
of old Paper malt neceljarily have ſuffer'd; \ digeſtive AF ſeems, 
of theſe little creatures being able yet further to work upon thoſe ſtub- 
Þomn parts, and reduce them into another form. 

indeed, when Iconfider what a heap of Saw-duſt or chips this 
little creature (which is one of the teeth of Time) conveys into its in« 
4rals. {cannot chuſe but remember and admire the excellent contrivance 


- of Nature, in placing in Animals ſuch a fire, as is continually nouriſhed and 


ſapply'd by the materials convey'd into the ſtomach, and fomexted by the 
me. x Auk the lungs; ' and in ſo contriving the moſt admirable fabrick of 


- Animals, as to make the very ſpending and waſting of that fire, to be 


inſtrumental to the procuring and colle&ting more materials to augment 
and cheriſh it ſelf, which indeed ſeems to be the principal end of all the 
contrivances obſervable in bruit Animals. 


a tht dn tt tht. th FX _ 
—_ a 


© Obſerv.. LIII, Of a Flea, 


T*He ſtrength and beauty of this ſmall creature, had it no other rela- 
tion atall to man, would deſerve a deſcription. 

For its ſtrength, the Microſcope is able to make no greater diſcoveries 
of it then the naked eye, but onely the curious contrivance of its le 
and joints, for the exerting that ſtrength, is very plainly manifeſted, ſuch 
as no Other creature, I have yet obſerv'd, has any thing like it ; for the 
joints of it are ſa adapted;that he can,as 'twere,fold them ſhort one with- 
in another,and ſuddenly {tretch,or ſpring them out to their whole length, 
that is, of the fore-leggs, the part A, of the 34. Scheme, lics withia B, 
and B within C, parallel to, or fide by fide each other; but the parts 
of the two next, lie quite contrary, that is, D without E, and E with- 
out F, but parallel alſo; but the parts of the hinder leggs, G, H and I, 
bend one within another, like the parts of a double jointed Ruler, or 
like the foot, legg and thigh of a man; theſe (ix leggs he clitches up al- 
together, and when he leaps, fprings them all out, and thereby exerts 
his whole ftrength at once. 

But, as for the beauty of it, the 4Leroſcgpe manifeſts it to be all over 
adorn'd witha curiouſly poliſh'd fuit of able Axmoyr, neatly jointed, 
and beſet with multitudes of row {aag- ſhapd almoſt like Porcupine's 
'Quills, or bright conical Steel-bodkins 3 the head is On either fide! 
tify'd with a quick and round black eye K, behind each of which alſo 
appearsa {mall cavity, L, i which he ſeems to move ro and fro e-cer- 
tainthin film beſet'with many ſmall tranſparent baws,which probably may 
be his ears; in the forepart of his head, between the two torc-leggs, he 
has two ſmall long jointed feelers, or rather ſmellers, M M, which have 
four joints,and are hairy, like thoſe of ſeveral other creatures; between 
theſe, it hasa ſmall proboſcis, or probe, NNN O, that ſeems to conſiſt of a 


tube. 
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tube N N, and a tongue orſucker O, which I have petceiv'd him to ſlip 
in and out. Beſides theſe, it has alſo two chaps or bitersP P, which are 
ſomewhat like thofe of an Ant, but I could not perceive them tooth'd ; 
«theſe were ſhap'd very like the blades of a pair of round top'd Scizets, 
and were opened and ſhut juſt after the ſame manner 3 with theſe Inſtru- 
ments does this little buſie Creature bite and pierce the ſkin, .and ſuck 
out the blood of an Animal,leaving the ſkin inflamed with a ſmall round 
red ſpot. Theſe parts are very difficult to be diſcovered, becauſe, fot 
the moſt part, they lye covered between the ——__ There are many 
other particulats, which, being more obvious, and affording no great 


matter of information, I thall paſs by , and refer the Reader to the Fi- 
gure. 


Wy 


Obſerv. LIV. Of a Louſe, 


His 1s a Creature ſo officious , that 'twill be known to every one at 

one time er other, ſo buſie, and ſo impudent, that it will be intru- 

ding it ſelf in every ones company, and fo proud and aſpiring withall, 
that it fears not to trample on the beſt, and affetsnothing ſo much as a 
Crown; feeds and lives very high, and that makes it fo ſaucy, asto pull 
any one by the cars that comes in its way, and will never be quiet t1]l it 
has drawn blood : it is troubled at nothing ſo much as at a man that 
icratches hishead, as knowing that man is plotting and contriving ſome 
miſchief againſt it, and that makes it oftentime ſculk into ſome meaner 
and lower place, and run behind a mans back, thoughit go very much 
againſt the hair; which ill conditions of it having made it better known 
then truſted, would exempt me from making any further deſcription of 
it, did not my faithful Aercury, my Afcroſcope, bring me other infor- 
mation of it. - For this has diſcovered to me, by means of a very bright 
light caſt on it, that it is a Creature of a very odd ſhape ; it hasa head 
ſhap'd like that expreſt in 35. Schezze marked with A, which ſeems al- 
moſt Conical, bur isa little flatted on the upper and under {ides, at the 
biggeſt part of which, on either ſide behind the head (as it were, be- 
ing the place where other Creatures ears ſtand) are placed its two black 
ſhining goggle eyes BB, looking backwards, and fenced round with ſe- 
veral imall ci/za or hairs that incompaſs it,ſo that it ſeems this Creature 
has no very good foreſight : It does not ſeem to have any eye-lids , and 
therefore perhaps its eyes were fo placed, that it might the better cleanſe 
them with its fore-legs 3 and perhaps this may be the reaſon, why they 
ſo much avoid and run from the light behind them, for being made to 
live in the ſhady and dark recefles of the hair, and thence probably their 
eye- having a great aperture, the open and clear light, eſpecially that 
of the Sun, muſt needs very much offend them; to ſecure theſe eyes 
from receiving any injury from the _ through which it paſſes, it has 
F t 2 two 
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two horns that grow before it,: in the -place where one would have 
PONY the eyes ſhould be ; each of thele CC hath four joynts, which 
are fringed, as 'twere, with ſmall briſles, from which to the tip of its 
ſnout -D, the head ſeems very round and tapering, ending in a very, 
ſharp noſe D, which ſeems to have a ſmall hole, and to be the allage 
through which he ſucks the blood. Now whereas if it be lac'd on 1ts 
back, with its belly upwards, as it is in the 35. Schexre, it ſeems in ſeve- 
ral Poſitions to have a reſemblance of chaps, or jaws, as is repreſented 
in the Figure by EE, yet in other poſtures thoſe dark ſtrokes diſappear ; 
and having kept ſeveral of them in a box for two or three dayes, 1o that 
for all that time they had nothing to feed on, TI found , uponletting one 
creep on my hand, that it immediately fell to ſucking, and did neither 
ſeem to thruſt its noſe very deep into the ſkin, nor to open any kind of 
mouth, but I could plainly perceive a ſmall current of blood, which 
came dire&ly from its ſnout, and palt intoits belly ; and about A there 
ſeem'd a contrivance, ſomewhat reſembling a Pump, pair of Bellows, or 
Heart, for by a very ſwift /yſtole and dzafteke the blood ſeem'd drawn 
from the noſe, and forced into the body. It did not ſeem at all,though 
I viewed it a good while as it was fucking, tothruſt more of its noſe 1n- 
to the ſkin then the very ſnout D, nor Jin it cauſe the leaſt diſcernable 
ain, and yet the blood ſeem'd to run through its head very quick and 
cely, 1o that it ſeems there is no part of the {kin but the blood is di- 
ſpers'd into, nay, even into the ctic#la ;, for had it thruſt its whole noſe 
infrom D to CC, it would not have amounted to the ſuppoſed thick- 
neſs of that tegyment,the length of the noſe being not more then a three 
hundredth part of an inch. It has fix legs, covered witha very tranſpa- 
rent ſhell, and joynted exacrly like a Crab's, or Lobiter's; each leg is 
divided iato fix parts by theſe joynts , and thoſe have here and there 
ſeveral ſmall hairs; and at the end of each leg it has two claws, ve 
properly adapted for its | as uſe, being thereby inabled to walk 
very ſecurely both on the {kin and hair; and indeed this contrivance of 
the feet is very curious, and could not be made more commodioutly and 
RT , for performing both theſe requiſite motions, of walking 
and climbing up the hair of a mans head, then it is : for, by having the 
leſſer claw (a) ſet fo much ſhort of the bigger (b) when it wollo on 
the ſkin the ſhorter touches nut, and then the feet are the ſame with 
thoſe of a Mite, and ſeveral other ſmall Inſe&s, but by means of the 
ſmall joynts of the longer claw it can bend it round, and ſo with both 
claws ol hold of a hair, in the manner repreſented in the Figure, the 
long tranſparent Cylinder F FF, being a Man's hair held by it. 
The Thorax ſeem'd cas'd with another kind of ſubſtance then the bel- 
iy, namely, witha thin tranſparent horny ſubſtance, which upon the 
{ting of the Creature did not grow flaccid ; through thisI could plain- 
ly ſee the blood, ſuck'd from my hand, to be varioutly diſtributed, and 
mov'd to and fro; and about G there ſcem'd a pretty big white ſub- 
ſtance, which ſeem'd to be moved within its thorax; beſides, there ap- 
pear'd very many fmall milk-white'veſlels, which eroſt over _ breaſt 
etween 
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between the legs, out of which, on either ſide, were many ſmall bran- 
chings,thele ſeem'd to be the veins and arteries,for that which is analogus 
to blood in all Inſects is milk-white. | 

The belly is covered with a tranſparent ſubſtance likewiſe, but more 
reſembling a ſkinthen a ſhell, for 'tis grain'd all overthe belly juſt like 
the $kin in the palms of a man's hand, and when the belly is empty,grows 
very flaccid and wrinkled ; at the upperend of this is placed the ſto- 
mach H H,and perhaps alſo the white ſpot IT may be the liver,or paxcress, 
which. by the periſtaltick, motion of the guts, is a little mov'd to and fro, 
not with a /5fole and diaſtole, but rather with a thronging or juſtling 
motion. Viewing one of thelc Creatures, after it had faſted two dayes, 
all the hinder part was lank and flaccid , and the whiteſpot I I hardly 
mov'd, moſt of the white branchingsdiſappear'd ; and moſt alfo of the 
redneſs or ſucked blood in the guts, the periſtaltick, motion of. which 
was ſcarce diſcernable z but upon the ſuffering it to ſuck , it preſently 
fill'd the ſkin of the belly, and of the ix ſcolop'd emboſments on either 
ſide, as full as it could be ſtuft ; the ſtomach and guts were as full as 
they could hold ; the periſtaltick motion of the gut grew quick,and the 
juſtling motion of I I accordingly ; multitudes of milk-white veſlels 
ſeem'd quickly filled, and turg] , which were perhaps the veins and ar- 
teries, and the Creature was ſo greedy, that though it could not contain 
more, yet it continued ſucking as faſt asever, and asfaſt emptying it ſelf 
behind : the digeſtion of this Creature muſt needs be very quick, for 
though I perceiv'd the blood thicker and blacker when ſuck'd, yet, 
when in the guts, it wasof a very lovely ruby colour, and that part of 
it, which was digeſted into the veins, ſeemed white; whence it appears, 
that a further digeſtion of blood may make it milk, at leaſt of a reſem- 
bling colour : What is elſe obſervable inthe figure of this Creature, may 
be ſeen by the 35. Scheme, 
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Obſerv, LV, of Mites, 


He leaſt of Reptiles I have hitherto met with, isa Mite, a Creature 
whereof there are ſome ſo very {mall , that the ſharpeſt fight, un- 
alliſted with Glaſles, is not able to diſcern them, though, being white of 
themſelves, they move on a black and {mooth ſurface; .and the Eggs, 
out of which theſe Creatures ſeem to be hatch'd, are yet ſmaller, thoſe 
being uſually not above a four or five hundredth part of a well grown 
Mite, and thoſe well grown Mites not much above one hundredth 
of an inch in thickneſs; ſo that according to this reckoning there may be 
no leſs then a million of well grown Mites contain'd in a cubick inch, and 
five hundred times as many Eggs. 

Notwithſtanding which minutenefs a good Microſcope diſcovers thoſe 
{mall movable frecks to be very prettily ſhap'd Inſects, each of on Gar) 
ni 
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niſh'd with eight well ſhap'd and proportion'd legs, which are each of 
them joynted or bendable in eight ſeveral places, or joynts, each of 
which is covered, for the moſt part, with a very tranſparent ſhell, and 
the lower end of the ſhell of each Joynt is fringed with ſeveral ſmall 
hairs 3 the contrivance of the joynts ſeems the very ſame with that of 
Crabs and Lobſters legs, and like thoſe alſo, they are each of them ter- 
minated with a very ſharp claw or point ; four of theſe legs are fo pla- 
ced, that they ſeem to draw forwards, the other four are placed in a 

uite contrary poſition , thereby to keep the body backwards when 
there is occaſion. 

The body, as in other larger Inſects, confiſts of three regions or 
parts; the hinder or belly A, ſeems covered with one intire ſhell , the 
middle, or cheſt, ſeems divided into two ſhells B C. which running one 
within the other, the Mite is able to ſhrink in and thruſt out asit finds 
occaſion, as it can alſo the ſnout D. The whole body is pretty tranſpa- 
rent, ſo that being look'd on againſt the light, divers motions within its 
body may be perceived ; as alſo all the parts are much more plainly de- 
lineable, then in other poſtures, to the light. The ſhell, eſpecially that 
which covers the back.” 1s curiouſly poliſht, ſo that 'tis ealie to ſee, asin a 
convex” Looking-glaſs, or foliated Glaſs-ball, the picture of all the ob- 
jets round about ; up and down, in ſeveral parts of its body, it has ſe- 
veral ſmall long white hairs growing out of its ſhell, which are often 
longer then the whole _ and are repreſented too fhort in the firſt 
and ſecond Figures; they ſeem all pretty ſtraight and plyable, fave only 
two upon the fore-part of its body, which ſeem to be the horns, as ma 
be ſeenin the Figures ; the firſt whereof isa proſpett of a imaller fort of 
Mites ( which are uſually more plump ) as it was paſſant to and fro; the 
ſecond is the proſpect of one fixt on its tail ( by means of a little mouth- 
glew rub'd on the objeCt plate) exhibiting the manner of the growing of 
the legs, together with their ſeveral joynts. 

This Creature is very much diverlity'd in ſhape, colour, and divers 
other properties, —_— to the nature of the ſubſtance out of which 
it ſeems to be ingendred and nouriſhed, being in one ſubſtance more long, 
in another more round, in ſome more hairy, in others more ſmooth, in 
this nimble, in that ſlow, here pale and whiter, there browner,. blacker, 
more tranſparent, &c. I have obſerved it to be refident almoſt on all 
kinds of fubſtances that are mouldy, or putrifying, and have ſeen it yery 
nimbly meſhing through the thickets of mould, and ſometimes to lye 
dormant underneath them ; and 'tis not unlikely, but that it may feed on 
that vegetating ſubſtance', ſportaneons Vegetables ſeeming a food proper 
enough for ſpontaneous Animals, 

But whether indeed this Creature, or any other, be ſuch or not, I can- 
not poſitively, from any Experiment, or Obſervation, I have yet made, 
determine. But,asI formerly hinted, it ſeems probable, that ſome kind 
of wandring Mite may ſow, as *twere, the firſt ſeeds, ar Tay the firſt eggs, 
in thoſe places, which Nature has inſtructed them to know convenient 
for the hatching and nouriſhing their young 3 and though perhaps the 
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prime Parerit might be of a ſhape very differing from what the off: 
ſpring, after a lictle while, by reaſon of the ſubſtance they feed on, or 
the Region ( as 'twere ) they inhabite ; yet perhaps even one of theſe 
alter'd progeny, wandering again from its native foil, and1ighting on by 
' Chance the fame place from whence its prime Parent came, and there ſet- 
tling, and planting, may produce a generation of Mites of the ſame 
ſhapes and properties with the firſt wandring Mitre :: And from ſome fuch 
accidents astheſe, I am very apt to think, the molt ſorts of Animals, ge- 
nerally accounted ſportaneoxs , have their origination , andalithofe vas 
rious forts of Mites, that are to be met with up and down in divers/pus 
trifying ſubſtances, may perhaps be allot rhe ſamekind, and have prung 
fromone and the lame fort of Mites at the firlt. F2 


—_— 


Obſerv. LVI. Of a ſmall Creature hatch'd on a Vine, 


Here is, almoſt all the Spring and - Summer time, a certain. ſmall, 
round, white Cobweb. as 'twere, about the bigneſs of a Pea,which 
ſticks very cloſe and faſt to the ſtocks of Vines nayl'd againſt a warm 
wall : being attentively viewed,they ſeem coyerd, upon the uppertide 
of them, with a ſmall husk, not unlike the {cale, or ſhell of a Wood+ 
louſe, or Hog-louſe, a ſmall Inſe& ulaally found about rotten wood, 
which upon touching preſently rouls it iclf into the form of. a-pepper- 
corn: Separating ſeveral of theſe fromthe ſtock , 1 found them, with 
my 4icroſcope, to conhiſt of a ſhell, which now ſeemed more likely to be 
the baſk of one of theſe Inſes : And the far feem'd a kind of cobweb, 
conſiſting of abundance of fmall filamants, or {leaves of cobwebs, In 
the midit of this, if they were not hatch'd,and run away before, the tine 
of which hatching was uſually about the latter end of Jwne, I 
ning of Jxly, Ihave often found abundance of {mall brown Eggs, 
asAand B in the ſecond Figure of the 36. Scheme, much about the big- 
neſs of Mites Eggs; and at other times, multitudes of ſmall Inſefts , ſha- 
ped exaQly like that in the third Figure marked with X. Its head Jarge, 
almoſt half the bigneſs of its body , which 1s uſual in the fetzs of moſt 
Creatures. It had two ſmall black eyes 4 a, and two ſmall long joynted 
and briſled harms '< þ. The hinder part 6f its Bodyſeem't to confiſt of 
nine ſcales, and the laſt ended ina forked tay], much like that of a Cx- 
tio, or Wood-louſe, out of which grew two lohg hats; they ran to 
and fro very {wiftly, and were anuch of the bi of a common Mite, 
but ſome of them leſs : The longeſt of them feemi'd not the hundredth 
rt of an inch, and the Eggs wlually nat abovehalf asrmoh. They 
de to have ſix legs, which wene not viſible #1 this Thave here deline- 
ated, by reaſon they were drawn under itsbody. 
Iftheſe Minute.creatures were Wood-lice(as indeed from their ownſhape 
and frame, theſkin,or ſhell, that grows onthem,one may age => = 
ability 
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bability gheſs)) it;affords us an Inſtance, whereof perhaps there are not 
many like in Nature,and that is,of the prodigious increaſe of theſe Crea- 
tures,after they are hatch'd and run about :tor a common Wood-louſe,of 
abour half an inch long, is no leſs then a hundred and twenty five thou- 
ſand times bigger then one of theſe, which though indeed it ſeems v 
ſtrange, yet I have obſerved the young ones of ſome Spiders have almoſt 
kept the ſame proportion to their Dam. 

his, methinks, if it beſo, does in the next place hint a Quzry,which 
may perhaps deſerve a little further examination : And that is, Whether 
there be not many of thoſe minute Creatures,fuch as Mites, and the like, 
which, though they are commonly thought of otherwiſe, are only the 
pully, or _—_—— of much bigger InſeCts, and not the generating, 
or parent Inſect, that has =—_ thoſe Eggs 5 for — many times ob- 
ſerv'd thoſe Eggs, which uſually are found in great abundance where 
Mites are found , it ſeems ſomething ſtrange, that ſo ſmall an Animal 
ſhould have an Egg ſo big in proportion to its body. Though on the 
other ſide, I muſt confeſs, that having kept divers of thoſe Mites incloſed 
ina box for a good while, I did not find them very much augmented be- 
yond their uſual bignels. 

What the husk and cobweb of this little white ſubſtance ſhould be, I 
cannot imagine, unleſs it be, that the old one, when impregnated with 
Eggs, ſhould there ſtay, and fix itſelf oh the Vine, and dye, and all the 
body by degrees ſhould rot, fave only the husk, and the Eggs inthe bo- 
dy : And'the heat, or fire, as it were, of the approaching Sun-beams 
ſhould vivifie thoſe Relifts of the corrupted Parent , and out of the 
aſhes, as 'twere, ( asit is fabled of the Phenix ) ſhould raiſe a new off- 
ſpring for the perpetuation of the ſpecies. Nor will the cobweb, asit 
were, in which theſe Eggs are inclos'd, make much againſt this Conje- 
Qure ; for we may, by thoſe cobwebs that are carried up and down the 
Air after a Fog Cwhich with my Microſcope I have diſcovered to be made 
up of an infinite company of ſmall filaments or threads) learn, that 
ſuch a texture of body may be otherwiſe made then by the ſpinning of 
a Worm. 


Obſerv. LVII. Of the Eels in Vinegar. 


F theſe fmall Eels, which are to be found in divers ſorts of Vine- 

gar, I have little to add beſides their Pifture, which you may 

find drawn in the third Figure of the 25. Scheme: That is, they were 
ſhaped much like an Eel, fave only that their noſe A, ( which wasa lit- 
tle more opacous then the reſt of their body ) was a little ſharper, and 
longer, in proportion to their body, and the wrigling motion of their 
body ſeem'd to be onely upwards and ' downwards, whereas that of 
Eels is onely fide wayes : They ſeem'd to haye a more opacous part 
about 
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about B, which might, perhaps, be their Gills; it ſeeming always the ſathe 
proportionate diſtant from their noſe, from which, to the tip of their 
tail, C, their body ſeem'd to taper. 

Taking ſeveral of theſe out of their Pond of Vinegar, by the het of a 
{mall piece of filtring Paper, and laying them on a black ſmooth Glaſs 
plate, I found that they could wripgle and winde their body, as much 
almoſt as a Snake, which made me doubt, whether they were a kind of 
Eal or Leech. 

[ ſhall add no other obſervations made on this minute Animal, being 
prevented herein by many excellent onesalready publiſh'd by the inge- 
nious, Dottor Power, among his Micrsſcopicel Obſervations, ſave onely 
that a quantity of Vinegar repleat with them being included in a ſmall 
Viol, and ſtop'd very cloſe from the ambient air, all the included Worms 
in a very ſhort timedted, as if they bad been ftifled. 

And that their motion ſcerns (contrary to what we may obſerve in the 
motion of all other Inſects) exceeding flow. But the reaſon of it ſeems 
plain, for being to maveto awd fro after that manner which they do, by 
waving onely, or wrighng their body; the tenacity, or glutinouſneſs, 
and the denſity or re{iſtance of the fluid wedinar becomes fo exceeding 
ſenfible to ther extremely minute bodies, that it is to me indeed a greater 
wonder that they move them fo faſt as they dogthen that they move them 
no-faſter. For what a vaſtly greater proportion have they of their ſuper- 
ficies to thetr bulk, then Eels or other krger Fiſhes, and next, the tena- 
city and denfity of the liquor being much the ſame to be moved; both by 
the one and the other, the reſiftance or impediment thence arifing to 
the nations made through it, muſt be almoſt infinitely greater to the 
{mal} one then tothe great. This we find experimentally verify'd in the 
Air, which:thougha. edizve a thouſand:times more rarity d then the wa- 
ter,the reſiſtance of it ta motions made through it,is yetlo ſenhible to ve- 
ry mnutc badies,that a Down-feather(the leaſt of whoſe parts ſeem yer 
bigger then theſe Eels, and many of them almoſt incomparably bigger, 
fizch asthequil and ſtall) is fuſpended by it, and: carried toand foras if 
it had no weight. 


—— >  —— ——— —— ————— — — 


Obſerv, LV L1I. Of a new Property in the Air, and feveral other 
tranſparent Mediums nan'd Infle&tion, whereby very many con- 


ſderable Phenomena are attempted to be ſold, and divers other 
uſes are binted. 


Cpeeths Invention (andiperfeCting n-ſome meaſure) of Teleſcopes, it has 
been obſerv'd by feveral;, that the: Sn and Moon neer the Horizon, 
are difigur'd: ( lofmg that exadtly-fmoort terminating circular limb, 
hey ob obſeru'd whave when ſituated: neerer the Zenith): and 
ArE d. witvanedye every way (clpeciallyupon the right r” _ 
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fides) ragged and indented like a Saw : which inequality of their limbs, x 
have further obſerv'd, not to remain always the time, but to be conti- 
nually chang'd by a kind of fluctuating motion, not unlike that of the 
waves of the Sea; fo as that part of the limb, which was but even now 
nick'd or indented in, is now protuberant, and will preſently be finking 
again 3 neither is this all, but the whole body of the Luminaries, do in the 
Teleſcope, feem to be depreſs'd and flatted, the upper,and more eſpecially 
the under (ide appearing neerer to the middle then really they are,and the 
right and left appearing more remote:whence the whole Area ſeems to be 
terminated by a kind of Oval.lt is further obſerv'd,that the body,for the 
moſt part, appears red, or of ſome colour approaching neer unto it, as 
ſome kind-of yellow ; and this I have always mark'd, that the more the 
limb isflatted or ovalled,the more red does the body appear, though not 
always the contrary. It is further obſervable, that both fix'd Stars and 
Planets, the neerer they appear to the Horizon, the more red and dull 
they look, and the more they are obſerv'd to twinkle; in fo much, that 
[ have ſeen the Dog-ſtarr to vibrate ſo ſtrong and bright a radiation of 
light, as almoſt to 'dazle my eyes, and preſently, almoſt to diſappear. 
It is alſo obſervable, that thoſe bright ſcintillations neer the Honzon, are 
not by much fo quick and ſudden 1n their conſecutions of one another, as 
the nimbler twinklings of Stars neerer the Zenith: This 1s alſo notable, 
that the Starrs neer the Horizon, are twinkled with ſeveral colours; fo as 
ſometimes to appear red,ſometimes more yellow,and ſometimes blue,and 
this when the Starr is a pretty way elevated above the Horizon. I have 
further, very often ſeen ſome of the ſmall Starrs of the fifth or fixth ma- 
gnitude, at certain times to diſappear for a ſmall moment of time, and 
again appear more conſpicuous, and with a greater luſter. I have ſeveral 
times, with my- naked eye, ſeen many ſmaller Starrs, fuch as may be call'd 
of the ſeventh or eighth magnitude ro appear for a ſhort ſpace, and. then 
vaniſh, which, by direCting a ſmall Teleſcope towards that part they ap- 
pan and diſappeard in; I could preſently find to be indeed ſmall Starrs 
o ſituate,asI had ſeen them with my naked eye, and to appear twinkling 
like the ordinary viſible Stars; nay, in examining ſome very notable parts 
of the Heaven,with a three foot Tube , me thought Inow and then, in 
ſeveral parts of the conſtellation, could perceive little twinklings of 
Starrs, making a very ſhort kind of apparition,and preſently vaniſhing, 
but noting diligently the places where they thus ſeem'd to-playat/boe- 
peep,. I made uſe of a yery good' twelve foot Tube, and with-that 1t was 
not unealie to {ce thoſe, and ſeveral other degrees of {ma]lerStarrs,, and 
ſome ſmaller yet, thar-ſeem'd again to appear and \difappear;ahd theſe 
alſo by giving the ſame ObjeCt-glaſs a much bigger. aperture, Þcpuld 
plainly and conſtantly ſee appear in their former places; ſo that Thave 
obſerv'd ſome twelve ſeveral magnitudes of Starrs leſs then thoſe of the 
fix magnitudes commonly recounted in the'Globes. > (1204 
It has been obfervd and confirm'd by the accurateſt Obſervari- 
ons of the beſt of our modern Aſtronomers, that all-the 'Luminous bodies 
appear above the Horizon, when they really are below it. So. that Mo 
un 
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Sun and Moon have both been ſeen above the Horizon, whilſt the Moot 
has been in an Eclipſe. I ſhall not here inſtance in the great refraCtions, 
that the tops of high mountains, ſeen at a diſtance, have been found to 
have ; all which ſeem to argue the Horizontal refraction, much greater 
then it is hitherto generally believ'd, 

I have further ek notice, that not onely the Sun, Moon and Starrs, 
and high tops of mountains have ſuffer'd theſe kinds of refrattion, but 
Trees, and ſeveral bright Objects on the ground : I have often taken no- 
tice ofthe twinkling of the reflections of the Sun from a Glaſs-window 
at a good diſtance, and ofa Candle in the night, but that is not ſo con- 
ſpicuous.and in obſerving the ſetting Sun,T have often taken notice of the 
tremulation of the Trees and Buſhes, as well as of the edges of the Sun. 
Divers of theſe Phenomena have been taken notice of by ſeveral, who 
have given ſeveral reaſons of them, but I have not yet met with any alto- 
gether ſatisfactory, though ſome of their conjectures have been part! 
true,but parly alſo falſe.ygetting my ſelf therfore upon the inquiry of theſe 
Phenomena, I firſt endeavour'd to be very diligent in taking notice of 
the ſeveral particulars and circumſtances obſervable in them ; and next, 
in making divers particular Experiments, that might cleer ſome doubts, 
and ſerve to determine, confirm, and illuſtrate the true and adzquate 
cauſe of each 3 and upon the whole, I find much reaſon to think, that 
the true. cauſe of all theſe Phenomena is from the infleFion, or multi- 
plicate reſraFion of thoſe Rays of light within the body of the Atmoſphere, 
and that it does not proceed from a reffra&7on caus'd by any terminating 
ſuperficies of the Air above, nor from any ſuch exactly defin'd ſaperficies 
within the body of the Atmoſphere. 

*This Concluſion is grounded upon theſe two Propoſitions : 

Firſt, that a medrum, whole parts are unequally dexſe, and mov'd by 
various motions and tranſpoſitions as to one another, will produce all 
_ viltble effects upon the Rays of light, without any other coefficient 
cauſe, 

Secondly, that there is in the Air or Atmoſphere, ſuch a variety in the 
conſtituent parts of it, both as to their dexſty and rarity, and as to their 
divers mutations and poſitions one to another. 

By Dezſity and Rarity, I underſtand a property of a tranſparent body, 
that does cither more or leſs refract a Ray of light (coming obliquely 
upon its ſuperficies out of a third medium) toward.its perpendicular : As 
I call Glaſs a more denſe body then Water, and Water a more rare bod 
then Glaſs, becauſe of the refraftions (more or leſs defjecting rowards the 
perpendicular) that are made inzthem, of a Ray of light out of the Air 
that has the ſame inclination upon either of their ſuperticies. 

So as to the buſineſs of Refraction, ſpirit of Wine is a more denſe body 
then Water,it having been found by an accurate Inſtrument that meaſures 
the angles of Refractions to Minutes that for the ſame refracted angle of 
30: 00' in both thoſe Medinms, the angle of incidence in Water was 
but 41*. 3'5. but the angle of the te al in the trial with ſpirit of 
Wine was 42*: 45. But as ity, Water is a more derſe body then 
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wit of Wine, for the proportion of the ſame Water, to the ſame very 
ka redify d{pirit of Wine was, as 21. to 19. | " 
So as to-ReftraGtion, Water is more Denſe then Ieez forT have found: 
a moſt certain Experiment, whiich I exhibited before divers illuſtrious 
Perſons of the Royal Society, that the Refraction of Water was gxcater 
then that of Ice, though ſome conſiderable Authors have aftirm'd the con- 
trary, and though the Ice be a very hard, and the Water a very fluid 
bod 


That the former of the two preceding Propoſitions is true,may be ma- 
nifeſted by ſeveral Experiments:As firſt,it you take any two liquors difter- 
ing from one another in denſity, but yet ſuch as will readily mix;as Salt Wa- 
ter,or Brine,& Freſh;almoſt any kind of Salt diſloly'd in Water,and filtra- 
ted, fo that it be cleer,ſpirit of Wine and Water; nay, fpirit of Wine,and 
ſpirit of Wine, one more bighly rectify d then the other, and very many 
other [iquors; if(tfay) you take any two of theſe liquors, and mixing 
ther ma Glaſs Viol, againſt one ſide of which you have fix'd or glued a 
fmall round piece of Paper, and ſhaking them well together (ſo that the 
parts of them may be ſomewhat difturb'd and move up and down)you 
endeavour to fee that round piece of Paper through the body of the li- 
quorsz youſhall plainly perceive the N_ to wave, and to be indented 
much after the ſame manner as the litmb of the Sun through a Teleſcope 
ſemsto begave onely that the mutations here,are much quicker. And if, 
in ſteed of this bigger Circle, you take a very ſmall ſpot, and faſten and 
view it asthe former, you will find it to appear much like the twinkling 
of the Starrs, though much quicker : which two PLeromena (for I ſhall 
take notice of no more at preſent, though I could inſtance in multitudes 
of others) muſt neceſlarily be caus'd by an i»flef;or of the Rays within 
the terminating ſuperficies of the compounded wedinm, fince the ſurfaces 
6fthe tranſparent body through which the Rays pals to the eye, are not 
at all altered or chang'd. 

This ifle&ior (ifT may fo call it) I imagine to be nothing elſe, but a 
mitiplicate reſfa&ion, cauſed by the unequal dexſity of the conſtituent 
parts of the wedinze , whereby the motion, action or progeny of the Ray 
of light is hindred from proceeding in a ſtreight line, and i7fleFed or de- 
fleted by a carve. Now, that it is a cxrve line 1s manifeſt by this Expe- 
riment : I took a Box,ſuch as AD GE, in the farſt Figure of the 37,Schemve, 
whoſe fides ABCD, and EF GH, were made of two ſmooth flat 
plates of Glaſs, then filling it half full with a very ſtrong folution of 
Salt, I filled the other half with very fair freſh water, then expoſing 
the opacous ſide, D HGC, to the Sun, I obſerv'd both the reffa@ron and 
infleFion of the Sun beams, D & K H, and marking as exaGly asI,could, 
the points, P, N, O, M, by which the Ray, KH, paſſed through the com- 
pounded wedinar, | found them to bein a cxrve line; for the parts of the 
mredinm being continually more denſe the neerer they were to the bot- 
tom, the Ray p f was continually more and more deffefted downwards 
from the ſtreight line. 


This Infledtion may be mechanically explained, cither by Monſieur 
Des 
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Des Cartes principles,by conceivihgthe Globulsof the third Element to 
find les and lefs refiſtance againſt that fide of them which is downwards, 
os by a way, which I have furthex explicated in the-Inquifirion about Co+ 
tours, to be from anobliquationof the pulſe of hght, whenge the ruden 
part'is continually promoted, and quently yefrafted towards tha 

pendicular, which cuts the Orbs at rightangles. Whar the parvi 

Figure of the Curve axe, deſctib'd by thisway of bght, is, I tball nav 
now to examine, clpecially fincee there rvay be o many forts of it as 
there may be varieties of the Poſitions of the iter medact of dens 
ſtand rarity between the bottom. and: the top: of the infleing Medium 
I could produce many more Examples and Experiments, to illuſtrate 
and prove this firſt Propoſition, 22. that there is fuch @ conſtitution of 
ſome bodies as will caule inflection. As not to mention thoſe I have ob+ 
ſexv'd in Herr, Torteife:ſbel, travſperent Gums, and refivaws Snhftances t 
The vcizs of Glak, nay, of melted Cryſtal, found, and much complained 
of by Glaſs-grinders, and others, might ſufficiently demonſtrate the 
truth of it to any diligent Obſervator. 

But that, I prefume, [ have by this Example given proof ſufficient 
( vit ocnlar demonſtration ) to.cvince, that there 19 ſuch a modulatian, 
or bending of the rayes of light, as I have eall'd i2fiefFion, differing 
both from refle&ion, and refra&ion (ſince they are both made' in the ſu+ 
perficies, this only in the middle ) ; and likewiſe, that this is able or ſuf 
ficient to produce the effetts I have aſcribed to ir. | 

It remains therefore toſhew , that there 1s ſuch a property in the Air, 
and that it ts ſufficient to produce all the above mentioned Phawoners, 
and therefore may be the principal, it notthe only cauſe of them. f 

Firſt, That there is ſuch a property, may be proved from this, that the 
partsof the Air are {ome of them more condens'd, athers more rarified, 
either by the differing heat, or differing preſſure it ſuſtains, or by the 
ſomewhat heterogeneous vapours interſpersd through it. For as the Air 
is more or leſs rarified, ſo doesit more or leſs refrat a ray of light ( that 
comes out of a denſer medium) from the perpendicular. This you may 
find true, if you make tryal of this Experiment. 

Take a ſmall GlaG6-bubble, made in the form of that in the ſecond 
Figure of the 37. Scheme, and by heating the Glaſs very hot, and there- 
by very much rarifying the included Air, or, which is better, by rarify- 
ing a ſmall quantity of water, included 1n it, into vapours, which will 
expel the moſt part, if not all the Air, and thenfealing up the ſmall 
neck of it, and letting it cool, you may find, if ou place ie in a conve- 
nient Inſtrument, that there will be a manifeſt difference, as to the refra- 
Ction. | 

As if inthis ſecond Figure you ſuppoſe A to repreſent a ſmall fight or 
hole, through which the eye looks upon an object, as C, 'through the 
Glaſs-bubble B, and the ſecond fight L'; all which remain exadtly faxr 
in their ſeveral places, the object C RES czed and placed, that it 
may juſt ſcem to touch the upper and under edge of the hole L : and 
ſo all of it be feen through chefmall Glaſs-ball of rarified Air re 
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breakitig off the ſmall ſeal'd neck of the Bubble ( without at all ſtirting 
the ſights) obje&,- or glaſs )- and admitting the external Air, you will 
find yourſelf unable to ſeethe utmoſt ends of the object; but the termi- 
nating rayes'AE' and A D (which were before retracted to G and F 
by the rarified Air) will proceed almoſt direfly toI and H ; which al- 
teration of the rayes-( ſeeing there is no other alteration made in the 
Organ by which the rs gr istryed, fave only the admiffion, or ex- 
clufion'of the condens'd Air ) muſt necefiarily be cauſed by the variation 
of the medium contain'd in the Glafs B; the greateſt difficulty in the ma- 
king of which Experiment, is from the uneven ſurfaces of the bubble, 
which/will repreſent an uneven image of the object. 
1 . Now;thatthere is facha difference of the upper and under parts of the 
Air,is clear enough evinc'd from the late improvement of the Torricel/ian 
Experiment, which has been tryed at the _— and feet of Mountains ; 
and'may'be further illuſtrated , and inquired into, by a means, which 
ſome whiles fince I thought of, and us'd, for the finding by what degrees 
the Air paſſes from ſuch a degree of Denfity to ſuch a degree of Rarity. 
And another; for the finding what preſſure was requiſite to make it paſs 
from fuch'a degree of RarefaCtion to a determinate Denſity : Which 
Experiments, becauſe they may be uſeful to illuſtrate the preſent Inqui- 
ry, I ſhall briefly deſcribe. 


I took then a ſmall Glaſs-pipe A B, about the bigneſs of a Swans quill, 
and about four foot long, which was very equally drawn, fo that, as far 
as I could: perceive , no one part was bigger then another : This Tube 
( being'open at both ends) I fitted into another ſmall Tube DF, that 
had a ſmall bore juſt big enough to contain the ſmall Pipe, and this was 
ſeal'd up at one, and open at the other, end; about which open end I 
faſtned: a ſmall wooden box C with cement, ſo that —_— the bigger 
Tube, and part of the box, with Quickſilver, T could thruſt the ſmaller 
Tube into it, till it were all covered with the Quickſilver : Having thus 
done, I faſtned my bigger Tube againſt the fide of a wall , that it might 
ſtand the ſteadier , and plunging the ſmall Tube cleer under the Mercu- 
ry in the box, I ſtopt the _— end of it very faſt with cement, then 
lifting up the ſmall Tube, I drew it up by a ſmall pully, and a ſtring that 
I had faſtned to the top of the Room, and found the height of the Aer- 
carial Cylinder to be about twenty nine inches. 

Then letting down the Tube again, I opened the top, and then thruſt 
down the ſmall Tube, till I perceived the Quickſilver to riſe within it to 
a mark thatI had plac'd juſt an inch from the top;and immediately clap- 

ing on a ſmall peice of cement that I had kept warm, I witha hot Iron 
feal'd up the top very faſt, then letting it cool (that both the cement 
might grow hens , and more eſpecially, that the Air might come to its 


temper,natural for the Day I try'd the Experiment in) I obſerv'd dili- 
gently, and found the included Air to be exaGtly an Inch. 

i.» Here you areto take notice, that after the Air is ſeal'd up, the top of 
the Tube1s/not to be elevated above the ſuperficies of the Quickſilyer 
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in the box, till the ſurface of that within the Tube be equal to it, for 
the Quickſilver ( asI have elſewhere prov'd') being more heterogen 
ous to. the Glaſs then the Air, will not naturally riſe up ſo high with 
the ſmall Pipe,as the ſuperficies of 'irhe Mercxvy m the box 3 and therefore 
you are, to obſerve , how much below the outward ſuperhicies of the. 
Aercury in the box, that of the ſame in the Tube does ſtand,. when the 
top being open, free ingr-(s is admitted to the outward Air. - | 
Having thus done; I permitted the Cylinder, or ſma}l Pipe; tg riſe out 
of the box, till I found the ſurface of the Quickhilver in the Pipe to be 
two inches above that in the box, aud found the Air to have*expanded 
it ſelf but one ſixteenth part of an inch 3 then drawing up the ſmall 
pipe, till Tfound the height of the Quickſilver within to be tgur inghes 
above that without, Ioblerved the Air to be expanded only * of an inch 
more then it was at firſt, and to take up the room of 1+ inch; then I 
raiſed the Tube till the Cylinder was fix inches high, and found the Air 
to takeup 12 inches of room in the Pipe; then to8, 16, 42. e*c. 
the expanſion of the Air that I found to cach of which Cylingers are 
ſet down in the following Table; where the firſt row lightfies the 
height of the Mercurial Cylinder ; the next, the expanſion of 'the Air; 
the third, the preſſure of the Atmoſphere,>or the higheſt Cylinder of 
Mercury, which was then neer thirty inches ;, The laſt tignities the force 
of the Air ſo expanded , which is found by ſubſtracting the firft row of 
numbers out of the third ; tor having a that the outward Afr would 
then keep up the Quickhilver to thirty inches, look whatever of that 
height is wanting muſt be attributed to the Elater of the Air depreſſing, 
And therefore having the Expanſion in the ſecond row,and th&height of 
the ſubjacent Cylinder of Aercnry in the firſt; and the greatelPheight of 
the Cylinder of Mercury, which of it ſelf counterballances the whole 
preſſure of the Atmoſphere ; by ſubſtracting the numbers of the firſt row 
out ofthe numbers of the'third, you will-Have the meaſure of the Cylin- 
ders (0fdepreſt, and conſequently the forceof the Air,in the ſgycral Ex- 
panſions, regitſtred. ; Ew” _ 
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I had ſeveral other Tables of my Obſervations , and Calculations, 
which I then made 3 but it being above a twelve month finceI made 
them 3 and by that means having torgot many'circumſtarices and par- 
ticufars, I was reſolved to make them- over once again, *which I did 
Avgwuſt the ſecond. 1661. with the, very lame Tybe which I uſedtheyear 
before, when I firſt made the Experiment ( for it being a very good 
one, I had carefully preferv'd it: And after having tryed:)|tover and 
over again z and being not well ſatisfied of ſome particulars, I, at laſt, 
having put all things 1n very good order, and being as attentive, and 
obſervant, as poſlibly 1 could, of every circumſtance requilite to be tax 
ken notice of, did regiſter my ſeveral Obleryations in this, following 
Table.” In the making of which, Idid not exadly follow the 'rheth 
that had uſed-at firſt z but, having lately heard'of Mr. Townly's, Hypa+ 
theſis, I ſhap'd my courlein ſuch ſort, as would be moſt convenient for 
the examination of that Hypotheſss ; the event of which you have in the 
latter'part of the laſt Table, | 

The other Experiment was, to find what degrees of force were requi- 
lite to compreſs, or condenſe, the Air into ſuch or ſuch a bulk. 

The manner of proceeding therein was this : -F -took a Tube about 
five foot long, one of whoſe ends was lealed up, and bended in the form 
of a Syphon , much like that repreſented in the fourth Figure of the 
37. Scheme, one fide whereof AD, that was open at A, was about fifty 
inches long, the other {ide B C, {hut at B, was not much above ſeven in- 
ches long ; then placing it exactly perpendicular , I pourd in- a little 
Quickſ!lvcr, and found that the Air B T was &4 inches, or very nearto 
ſeven 3 then pouring in Quicklilver at the longer "Tube, I continued 
filling of it till the Air inthe ſhorter part of it was contracted into half 
the former dimenſions, and found the height cxaCcly nine and twenty in- 
ches; and by making ſeveral other tryals, in ſeveral other degrees of 
condenfation of the Air, I found them exactly anſwer the former Hypo- 
theſes. | 
Bi having (by reaſon it wasa good while ſince I firſt made) forgot- 
ten many particulars,and being much unſatisficd in others, I madethe Ex- 
periment over again, and, from the ſeveral tryals, collected the -tormer 
part of the following Table : Where in the row next the-left hand 24. 
ligniftes the dimenſions of the Air, ſuſtaining only the pretiure of the At- 
»0ſphere, which at that time was equal to a Cylinder of Mercury of nine 
and twenty inches; The next Figure above it {7 20) was the dimentt- 
ons of the Air induring the firſt compreſſion, made by a Cylinder of Mer- 
cry 5% high, to which the preflure of the At-roſpbere nine arid twenty 
inches being added , the elaſtick ſtrength of the Atrio compreſt-will be 
found 347, &c. 
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A Table of the - Elaſtick, power of the Air, 
both Experimentally and Hypothetically calculated, 


according to its various Dimenſions. 


The dimen- | The height | The Mercu- |The ſum | Whatthey 
fions of the | of the Mer- | rial Cylinder | or diffe- | ought to 


included | curial Cylin- | added , or |rence of | be accor- 
Air. der counter- | taken from |theſe two | ding to 
 pois'd | by | the former. | Cylinders. | the Hypo- 
| the Atmo- | theſis. 
ſphere. | 
I2 29 + 2g— 58 68 
13 29 + 244,= $3z ___53; 
14 29 + 20,,—= 49; 49; 
I6 29 + WE. 43 43- 
18 29 + LW 38; 38- 
_ Bn fr 343 345 
24 29 prone 29 29 
48 29— I14.— 147 T4 
—_—_ . 
192 20 — 25p= 1 3r 
33g 29— 7r= ' It 1; 
576 29— 27%.— $3 I 
768 29 — 28,.— 0. 097+ 
960 29 28;= o.. for” 
1152 20 287. 02 ayts 
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From which Experiments, Ithink, we may ſafely conclude, that the 
Elater of the Air is reciprocal to its extenſion, or at leaſt very neer. So 
that to apply it to our preſent purpoſe ( which was indeed the chief 
cauſe of inventing theſe wayes of tryal ) we will ſuppoſe a Tylinder in- 
definitely extended upwards, | I ſay a Cylinder, not a piece of a Core, 
becauſe, as T may elſewhere ſhew in the Explication of Gravity, that tri- 
plicate proportion of the ſhels of a Sphere, to their reſpeCtive diameters, 
I ſuppoſe to be removed in this caſe by the decreaſe of the power of Gra- 
vity | and the preſſure of the Air at the bottom of this Cylizder to be 
ſtrong enough to keep up a Cylinder of Mercary of thirty inches : Now 
becauſe by the moſt accurate tryals of the molt illuſtrious and incompa- 
rable Mr. Boyle, publiſhed in his deſervedly famous Pneumatick Book, 
the weight of Quickſilver, to that of the Air here below, is found neer 
about as fourteen thouſand toone : If we ſuppoſe the parts of the Cy- 
linder of the Atmoſphere to be every where ot an equal denſity, we ſhall 
( as he there deduces } find it extended to the height of thirty five 
thouſand feet, or ſeven miles : But becauſe by theſe Experiments we have 
ſomewhat confirm'd the hypotheſis of the reciprocal proportion of the 
Elaters to the Extenſions we ſhall find, that by ſuppoſing this Cylinder of 
the Atmoſphere divided into a thouſand parts, each of which being equi- 
valent to thirty five feet, or ſeven geometrical paces,that is,cach of theſe 
diviſions containing as much Air as is ſuppos'd in a Cylinder neer the 
earth of equal diameter,and thirty five foot high, we ſhall find the lower- 
moſt to preſs againſtthe ſurface of the Earth with the whole weight of 
the above mentioned thouſand parts; the preſſure of the bottom of the 
ſecond againſt the top of the firſt to be 1000—1==999. of the third 
againſt the ſecond to be 1000—2==998. of the fourth againſt the third 
to be 1000—— 3-=997,. of the uppermoſt againſt the 99g. or that next be= 
low it, to be 1c00—999=— 1. fo that the extenſion of the lowermoſt 
next the Earth, will be to the extenſion of the next below the upper- 
moſt, as 1. to 999. for as the preflure ſuſtained by the 999. 1s to the 
preſſure ſuſtain'd by the firſt, fo is the extenſion of the firſt to the ex- 
tenſion of the 999. ſo that, from this hypothetical calculation, we ſhall 
find the Air to be indefinitely extended : Forif we ſuppoſe the whole 
thickneſs of the Air to be divided, as I juſt now inſtanced, into a thou- 
ſand parts, and each of thoſe under differing Dimenſions, or Altitudes, 
to contain an equall quantity of Air, we ſhall find, that the firſt Cylinder, 
whoſe Baſe is ſuppoſed to lean on the Earth, will be found to be exten- 
ded 353; foot; the ſecond equal Diviſion, or Cylinder, whoſe baſis is 
ſuppoſed to lean onthe top of the firſt,ſhall have 1ts trop extended higher 
by 35253 the third 35332 3 the fourth 3533; 3 and ſo ohward, each @- 
qual quantity of Air having its dimenſions meaſured by 35- and ſome 
additional number expreſt alwayes in the manner of a tration., whoſe 
numerator is alway the number of the place multiph'd by:.35. and 
whoſe denominator is alwayes the preflure of the Atmegſpbere ſuſtain'd by: 
that part, ſo that by this means we may eaſily calculate the height of 999; 
divitzons of thoſe 1000, diviſions, I __ ; whereas the uppermoſt 
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may extend it ſelf more then as high again,nay, perhaps indefinitely, or 
beyond the Moon ; for the Elaters and Expantions being in reciprocal 
proportions, fince we cannot yet find the plas x/tra, beyond which the Air 
will not expand it felf, we cannot determine the height of the Air : for 
fince, as we have ſhewn, the proportion will be alway asthe preſſure 
faſtain'd by any part is to 35. fo 1000. to the we nmgpels that parts 
the multiplication or product therefore of the preſfure, and expanſion, 
that is, of the two extream proportionals, being alwayes equal to the 
utt of the means, or 35000. it follows, fince that ReGangle or 
rodutt may be made up of the multiplication of infinite diverſitics of 
numbers, that the height of the Air is alſo indefinite 3 for ſince (as far as 
I have yet been able to try) the Air ſeems capable of an indefinite Ex- 
panfion, the preſſure may be decreaſed in i»finituw, and conſequently its 
expanſion upwards indefinite allo. 

Frere being therefore ſuch a difference of denſity, and no Experi- 
ment yet known to provea Saltws, or ſkipping from one degree of rari- 
ty to another much differing from it, that is, that an upper part of the 
Air ſhould fo much differ from that immediately ſubjacent toir, as to 
make a diftint fuperficies, fuch as we obſerve between the Air and Wa- 
ter, ec. But ic being more likely, that there is a continual increaſe of 
rarity in the parts of the Air, the further _—_—_— removed from the 
furface of the Earth : It will hence neceflarily tollow, that (as in the 
Experiment of the falt and freſh Water ) the ray of Light paſſing ob- 
liquely through the Air alſo, which is of very different denſity, will be 
continually, and infinitely inflected, or bended, from a ſtreight, or direCt 
Motion. 

This granted , the reaſon of all the above recited Phenomena, con- 
——_— appearance of the Celeſtial Bodies, will very cafily be de- 

As, 
- Firſt, The redneſs of the Sun, Moon, and Stars, will be found to be 
cauſed by the infleftion of the rays within the Atmoſphere. Thar it is 
not really.in or near the lyminous bodies, will, I ſuppoſe, be very cafily 
granted, ſeeing that this redneſs is obſervable in ſeveral places differing 
1m Longitude, tobe at the ſame time different, the ſetting and rifivg Sun 
of all parts being for the moit part red : | 

And ſecondly, That it is not meerly the colour of the Air interpos'd, 
will, I ſuppoſe, without much more difficulty be yielded, ſceing that we 
may obſerve a very great interftitinz of Air betwixt the Object and the 
Eye, wm it appear of a dead blew, far enough differing from a red, 
ar ye W. } LD 
thirdly, That it proceeds from the refration,or infleQtion, of the 
rays by the 4:-oſphere, this folowing Experiment will, I ſuppoſe, ſufhci- 

manifeſt. ' 


Fe a ſpherical Cryftalline Viol, ſich asis deſcrib'd in the fifth Fi- 
re A BCD, and, ' having filfd it with pure clear Water, expoſe itto 
$un beams 3' then taking a piece of very fine Venice Paper, apply it 
apainkt rhat iidg of: the Globe that is oppoſite to the Sun, as againſt [yo 
| ide 


f 


MickOGRAPHIA. 


fide BC, and you ihai} perceivea bright red Ring to appear, eaus'd by 
the refraction ofthe Rays, A A A A, which is made by the Globe; in 
which Experiment, ifthe Glas and Water be very clcer, fo that there be 
no Sands nor bubbles in the Glaſs, nor dirt in thee Water, you ſball not 
perceive any appearance of any other calour. To apply which Experis 
ment, we may imagine the 4txreſpbere to be a great tranſparent Globe, 
which being of a ſubſtance more denſe then the other, or (which comes 
to the ſame) that has its parts more denſe towards the middle; the Sun 
beamsthat are tangents, or next within the tangents of this Glube,will 
be refracted or infledted from their direct paſlage towards the cemter of 
the'Globe, whence, according to the Jaws of retractions made in a ttian- 
gular Priſm, and the generation of colour ſet down in the deſcription of 
Muſcovi-glafſs,there muſt necefiarily appear a red colour in the tranſitus 
or paſſage of thoſe tangent Rays. To make this more plain, we will tup- 
poſe (in the ſnxth Figure) AB CD, to repreſetit the Globe of the 47+ 
»:0ſphere, EF GH to repreſent the apacous Globe of the Earth, lying 
in the midſt of it, neer to which, the parts of the Air, fuſtaining a ve 
great preſjure, are thereby very much condens'd, from whence hots 
Rays that are by infleCtion made tangents to the Globe of the Earth,and 
thoſe without them, that paſs through the more condens'd part of the Az#- 
aroſphere, as ſuppoſe between A ard E, are by reaſon of the incqualit 
of the wedinm, inflected towards the center, whereby there muſt nece 
farily be generated a red colour, as is more plainly thewn m the former 
cited place z hence whatſoever opacous bodies (as vapours,or the like ) 
ſhall chance to be elevated into thoſe parts,will reflect a red towards the 
eye; and therefore thoſe evenings and mortings appear reddelſt,that have 
the moſt ſtore of vapours and halituous ſubſtances exhaled to a conve- 
nient diſtance from the Earth; for thereby the inflettion is made the 
greater,and thereby the colour alſo the more intenſezand ſeveral of thoſs 
exhalations being opacous, reflett ſeveral of thoſe Rays, which, through 
an Homogeneous tranſparent medium would paſs unſeen; and therefore ws 
ſee, that when there chances to be any clouds fituated in thoſe Regions 
they refle&t a ſtrong and vivid red. Now, though one great cauſe of 
the redneſs may be this inflection, yet I cannot wholly exclude the colour 
of the vapours themſelves, which may have ſomething of redneſs in thern, 
they beiog partly nitrous, and partly fuliginous; both which ſtearus tinge 
the Rays that paſs through them, as is made evident by looking at bodies 
| þ che frnmet as forts, or ſpirit of Nizre | as the newly menti- 


oned Illuſtrious Perſon has demonſtrated} and: alſo through the {moak of 
a Fire or Chimney. 


Having therefore made it probable at Jeaſt, that che and 
evening redneſs may partly proceed from this inflettion or refration of 
ja —_—— ſhall next ſhew, how the Oval Figute will be likewiſe eaſily 

c d. | 

Suppoſe we therefore, EF GH in the ſixth Figure of the 37:85hemwe; 
to repreſent the Earth; ABCD, the Armoſpere; EI, and EL, ewo Rays 
coming from the Sun, the one from the upper;the other from the _ 
| myo, 
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Limb, theſe Rays, being by the Atmoſphere infleted, appear to the eye 
at E, as if they had come from the points, N and O; and becauſe y On 
Ray L has a greater inclination upon the inequality of the Atwoſpbere 
then I, hatefoen muſt it ſuffer a greater infle&tion, and conſequently be 
further clevated above its true place, then the Ray I, which has a leſs 
inclination, will be elevated above its true placez whence it will 
follow, that the lower fide appearing neerer the upper then really it is, 
and the two /ateral ſides, vis. the right and left (ide, ſuffering no ſenſible 
alteration from the infleftion, at leaſt what it does ſuffer, does xather 
increaſe the viſible Diameter then diminiſh it, as I ſhall ſhew by and by, 
the Figure of the luminous body muſt neceſlarily appear ſomewhat 
Elliptical. 

This will be more plain, if in the ſeventh Figzre of th 37. Scheme we 
ſuppoſe AB to repreſent the ſenſible Horizon ; CD EF, the body of the 
Sun really belowit; GHIK, the ſame appearing above it, elevated 
by the inflefion of the Atmoſphere : For if, according to the beſt obſer- 
vation, we make the viſible Diameter of the Sun to be about three or 
four and thirty minutes,and the Horizontal refraction according to Ticho 
be thereabout.or ſomewhat more,the lower limb of the Sun E,will be ele- 
vated to I; but becauſe,by hisaccount, the point C will be elevated but 
29, minutes, as having not ſo great an inclination upon the inequality of 
the Air, therefore I G, which will be the apparent retracted perpendicu- 
lar Diameter of the Sun,will be leſs then C G,which is but2g. minutes,and 
conſequently fix or ſeven minutes ſhorter then the unretracted apparent 
Diameter. The parts, D and F, will be likewiſe elevated to H and K, 
whoſe refrattion, by reaſon of its inclination, will be bigger then that of 
the point C,though leſs then that of E:therefore will the ſemidiameter TL, 
be ſhorter then LG, and conſequently the under fide of the appearing 
Sun more flat then the upper. 

Now, becauſe the Rays from the right and left ſides of the Sun, &&c. 
have been obſerv'd by Ricciolo and Grimaldns, to appear more diſtant 
one from another then really they are,though(by very manyObſervations 
that I have made for that purpoſe,with a very good Teleſcope.fitted with a 
divided Ruler) I could never perceive any great alteration, yet there be- 
ing really ſome,it will not be amiſs,to ſhew that this alſo proceeds from the 
refraction or inflection of the Atmoſphere z and this will be manifeſt,if we 
'confider the Atmoſphere as a tranſparent Globe, or at leaſt a tranſparent 
ſhell, encompaſling an opacous Globe,which, being more denſe then the 
medium ya 3 it, refracts or 1ntlects all the entring parallel Rays 
into a point or focus,ſo that whereſoever the Obſervator is plac'd within 
the Atmoſphere, between the focus and the luminous body, the lateral 
Rays mult neceſlarily be more converg'd towards his eye by the refrat 
on or infleftion, then they would have been without it ; and therefore 
the PPE Diameter of the luminous body muſt neceſiarily be aug- 
mented. 

This might be more plainly manifeſt to the eye by the ſixth Figare ; 
but ho it would be ſomwhat tedious, and the thing being obvious 
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enough to be imagin'd by any one that attentively conſiders it, ſhall ra- 
ther omit it, and proceed to ſhew, that the maſs of Air neer the ſurface of 
theEarth,confiſts,or is made up,of parcels, which do very much differ from 
one another in point of denſity and rarity ; and conf aently the Rays of 
light that paſs through them will be variouſly inflefted,here one way.and 
there another,according as they pals ſo or ſo through thoſe differing parts; 
and thoſe parts being always in motion,cither upwards or downwards,or 
to the right or left, or in ſome way compounded of theſe, they do by this 
their motion infleCt the Rays, now this way, and preſently that way. 

This irregular,unequal and unconſtant infletion of the Rays of light, 
is the reaſon why the limb of the Sx, Moon, Jupiter, Saturn, Mars, and 
Venus, appear to wave or dance; and why the body of the Starrs appear 
to tremulate or twinkle, their bodies,by this means, being ſometimes ma- 
gnify'd,and ſometimes diminiſhed ; ſometimes elevated, otherwhiles de> 
preſs'd 3 now thrown to the right hand, and then to the left, 

And that there 1s ſuch a property or unequal diſtribution of parts, is 
manifeſt from the various degrees of heat and cold that are found in the 
Air: from whence will follow a differing denſity and rarity, both as to 
quantity and refraction; and likewiſe from the vapours that are-inter- 
pos d, (which,by the way, I imagine;as to refraction or infletion, to do 
the ſame thing, asit they were rarify'd Air z and that thoſe vapours that 
aſcend,are both lighter, and leſs denſe, then the ambient Air which boys 
themup; and that thoſe which deſcend, are heavier and more denſe) 
The firſt of theſe may be found true, if you take a good thick piece of 
Glaſs,and heating t pretty hot in the fire, lay it upon ſuch another piece 
of Glaſs, or hang 1t in the open Air by a piece of Wire, then looking 

upon ſome far diſtant Object (ſuch as a Steeple or Tree) ſo as the Rays 
from that Object paſs directly over the Glaſs before they enter your eye, 
you ſhall find ſuch a tremulation and wavering of the remote Obje@, as 
will very much offend your eye: The like tremulous motion you may 
obſerve to be caus'd by the aſcending ſteams of Water, and the like. 
Now, from the firſt of theſe it is maniteſt, that from the raritaftion of the 
parts of the Air,by heat,there is caus'd a differing refraCtion,and from the 
aſcenſion of the more rarity 'd parts of the Air, which are thruſt up by the 
colder, and therefore more condens'd and heavie, is caus'd an undula- 
tion or wavering of the Object; for I think, that there are very few 
will grant, that Glaſs, by as gentle a heat as may be endur'd by ones 
hand, ſhould ſend forth any of its parts in {teams or vapours, which does 
not ſeem to be much waſted by that violent fire of the green Glaſs-hauſe 3 
but, if yet it be doubted, let Experiment be further made with that bo- 
dy that is accounted, by Chymiſts and others, the moſt ponderous and 
fix'd in the world ; for by heating of a piece of Gold, and proceeding in 
the ſame manner, you may find the ſame effects. 

This trembling and ſhaking of the Rays, is more ſenſibly caus'd by an 
aCtual flame, or quick fire, or any thing elſe heated glowing hot ; as by 
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like : the 
ſame alſo appears very conſpicuous, it you look at an Object betying 
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which and your eye, the rifing ſmoak of ſome Chimney is interpos'd ; 
which brings into my mind what I had once the opportunity tooblerye, 
which was, the Sun riſing to my eye juſt' over a Chirtney that ſent forth 
a copious ſteam of ſmoak ; and taking a ſhort Teleſcope, which Thad' then 
by me, I obſerv'd the body of the Sun, though it was but juſt peep d 
above the Horizon, to have its underſide, not onely flatted, and preſs'd 
inward, as it uſually is when neer the Earth ; but to appear more pro- 
tuberant doveward then if it had ſuffered no refraction at all; and 
betides all this, the whole body of the Sun appear'd to tremble or dance, 
and the edges or limbto be very ragged or mndented, undulating or wa- 
ving, much in the manner of a flag m the Wind. 

This I have likewiſe often obſerv'd in a hot Sunſhiny Summer's day, 
that looking on an Object over a hor ſtone,or dry hot earth,] have found 
* the Obje@ to be undulated or ſhaken, much after the ſame manner. And 
it you look upon any remote Objett through a Teleſcope (in a hot Sum- 
mer's day eſpecially ) you ſhall find it likewiſe to appear tremulous. And 
turther, if there chance.to blow any wind, or that the air between you 
and the Obje& be in a motion or current, whereby the parts of it, both 
rarify'd and condens'd, are ſwiftly remoy'd towards the right or left, if 
then you obſerve the Horizontal ridge of a Hill far diſtant,thronugh a ver 
good Teleſcope, you ſhall find it to wave much like the Sea, and thoſe 
waves w1ll appear to paſs the ſame way with the wind. 

From which,and many other Experiments, 'tis cleer that the lower Re- 
gion of the Air,efpecially that part of it which lieth neerecſt to the Earth, 
has, for the moſt part;its conſtituent parcels vartoutly agitated, either by 
heat or winds, by the firſt of which, ſome of them are made more rare, 
and fo ſuffer a leſs refraGtion ; others are interwoven, either with aſcend- 
ing or deſcending vapours ; the former of which being more lighr, and 
ſo more rarify'd,have likewiſe a leſs refraction ; the latter being more hea- 
vie, and conſequently more denſe,have a greater. 

Now, becauſe that heat and cold are cqually difius'd every way ; and 
that the further it is ſpread, the weaker it grows z hence It wilt follow, 
' that the moſt part of the under Region of the Air will be made up of ſe- 
veral kinds of /ertes, fome whereot will have the properrtes of Convex, 
others of Concave glaſjes ; which, that I may the more intelligibly make 
out, we will ſuppoſe in the eighth Figare of the 37. Scheme, that A re- 
preſents an aſcending vapour, which, by reaſon of its being ſomewhar 
| Heterogeneous tO the ambient Air,is thereby thruſt into a kind of Globular 
form, not any where terminated, but gradually finiſhed, thar is, 1t 1s moſt 
rarity'd in the middle about A, ſomewhat more .condens'd about B B, 
more then that about C C; yer turther,about D D, almoſt of rhe ſame 
denſity with the ambient Air about EE; and laſtly, incloſed with the 
more denſe Air F F, ſo that from A, to' FF, there is a continual m- 
creaſe of denfity. The reaſon of which will be maniteſt, 1f we conſider the 
riling vapour to be much warmer then the ambient heavie Airz for by 
the coldneſs of the ambient Air, the ſhell EE will be more refrigerated 
then D D.and that then CC.which will be yet more then B B, and thar 
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more then A ; ſo that from F to A, there is a continual increaſe of heat, 
and conſequently of rarity ; from whence it will neceſhrily follow, that 
the Rays of light will be inflefted or refracted in it, in the ſame man- 
ner as they would bein a Concave-glaſe ; for the Rays GKI, G K I will 
be inflefted by GK H, G K H, which will eafily follow from what 1 be- 
fore explained concerning the infleftion of the Atmoſphere. 

On the other ſide, a deſcending vapour,or any part of the air included 
by an aſcending vapour,will exhibir the ſame efteCts with a Convex lens 5 
for,it we ſuppoſe,in the former Figure,the quite contrary conſtitution to 
that laſt deſcrib'd ; that is, the ambient Air F F being hotter then any 
part of that mafter within any circle, therefore the coldeſt part muſt 
neceſlarily be A, as being fartheſt remov'd from the heat, all the 
intermediate ſpaces will be gradually diſcriminated by the continuall 
mixture of heat and cold, fo that it will be hotter at EE, then D D, in 
DD then CC, in CC thenBB,andin BB then A. From which, a like 
refra&tion and condenſation will follow ; and conſequently. a lefler or 
greater refraction, fo that every included part will refiac more then the 
including, by. which means the Rays, GKI, GK 1, coming from a Starr, 
or ſome remote Object, are ſo intlected, that they will again concurr and 
meet, in the point M. By the interpoſition therefore of this deſcending 
vapour the viſible body of the Star, or other Object, is very much aug- 
mented, as by the former it was diminiſhed. 

From the quick conſecutions of theſe two,one after another, betweerr 
the Object and your eye,cauſed by their motion upwards or downwards, 
proceeding from their levity or gravity, or to the right or left, proceed- 
ing from the wind, aStarr may appear, now bigger, now leſs, then really 
it would otherwiſe without them; and this is that property of a Starr, 
which is commonly call'd twinkling, or ſcintillation. 

The reaſon why a Star will now appear of one colour,now of another, 
which for the moſt part happens is 1. 'tis neer the Horizon, may very 
eafily be deduc'd from its appearing now in the middle of the vapour, 
other whiles neer the edge; for if you look againſt the body of a Starr 
with a Teleſcope that has a pretty deep Convex Eye-glals, and 0 order it, 
that theStar may appear ſometimes in one place,and ſometimes in another 
of it;you may perceive this or that particular colour to be predominant 
in the apparent Figure of the Starr, according asitis more or leſs remote 
from the middle of the Lers. This I had here further explain'd, but that 
it does more properly b<long to another place. | | 

Tſhall therefore onely add ſome few Quaries, which the conſideration 
of theſe particulars hinted, and f@finiſh this Seftion. 

And the firſt I ſhall propound is, Whether there may -not be made art 
artificial tranſparent body of an exact -Globular Figure that ſhall ſo 
infle& or refratt all the Rays, that,;coming from one point, fall upon ary 
Hemiſphere of it; that every one of them- tay meet on the oppotre fide; 
and croſs one another exaly in a point 3'and that it may do the like alfo 
with all the Rays that, coming from a /ateral pomt, fall upon any other 
Hemiſphere; for if ſo, there were to be hoped # perfection of. Dioptrieks 
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- - anda tranſmigration into heaven, even whil'ſt we remain here upon earth 
inthe fleſh, and a deſcending or penetrating into the center and inner- 
moſt receſſes of the earth, _ all earthly bodies; nay, it would open not 
onely a'cranney, but a large window (as I may fo ſpeak) into the Shop of 
Nature, whereby we might be enabled to ſee both the tools and opera- 
tors, and the very manner of the ——__ it ſelf of Nature ; this, could 
it be effeted, would as farr ſurpaſs all other kind of perſpeCtives as the 
vaſt extent of Heaven does the ſmall point of the Earth, which diſtance 
it would immediately. remove, and unite them, as 'twere, into one,at leaſt, 
that there ſhould appear no more diſtance between them then the length 
of the Tube, into the ends of which theſe Glaſſes ſhofild be n ſerted : 
Now, whether this may not be effetted with parcels of Glaſs of ſeveral 
denſities, I have ſometimes proceeded fo farr as to doubt (though in 
truth, as to the general, 1 have wholly deſpair'd of it) for I have often 
obſerv'd in Optical Glaſles a very great variety of the parts, which are 
commonly called Veins; nay, ſome of them round enough (tor they are 
for the moſt part, drawn out into ſtrings) to conſtitute a kind of lens. 
This I ſhould further proceed to ope, had any one been fo in- 
quiſitive as to have found out the way of making any tranſparent body, 
either more denſe or more rare; for then it might be poſſible to compoſe 
a Globule that ſhould be more denſe in the middle of it, then in any 
other part, and to compoſe the whole bulk, fo as that there ſhould be a 
continual gradual tranſition from one degree of denfity to another ; ſuch 
as ſhould be found requilite for the deſired infleftion of the tranſmigra- 
ting Rays; but of this enough at preſent, becauſe I may ſay more of it 
when I fer down my own Trials concerning the melioration of Dioptricks, 
where I ſhall enumerate with how many ſeveral ſubſtances I have made 
both Microſcopes, and Teleſcopes, and by what and how many, ways : Let 
ſuch as have leiſure and opportunity tarther confider it. 

The next Quazry ſhall be, whether by the ſame colleftion of a more 
denſe body then the other, or at leaſt, of the denſer part of the other, 
there might not be imagin'd a reaſon of the apparition of ſome new fix'd 
Stars, as thoſe in the. Swan, Caſſzope's Charr, Serpentarins, Piſcis, Ce- 
t#5, &C. 

"Thirdly, Whether it be poſſible to define the height of the Atmoſphere 
from this 1nfleCrion of the Rays, or from the Quickſilver Experiment of 
the rarifaCtion or extenlion of the Air. 

Fourthly, Whether the diſparity between the upper and under Air be 
not ſometimes ſo great, as to make a refleCting ſuperticies;z I have had ſe- 
veral Obſervations which ſeem to have proceeded from tome ſuch cauſe, 
but it would be too long to relate and examine them. An Experiment, 
alſo ſomewhat analogous to this, I have made with Salt-water and Freſh, 
which two liquors,in moſt Pofitions,ſeem'd the ſame, and not to be ſepa- 
rated by any determinate ſuperficies,which ſeparating ſurface yet in ſome 
other Poſitions did plainly appear. | 

And if ſo, Whether the reaſon of the equal bounding.or terminws of 
the under parts of the clouds may not proceed from this cauſe-; whether, 
ſecondly, 
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ſecondly, the Reaſon of the apparition of many Suns may not be found 
out, by conſidering how the Rays of the Sun may fo be reflected, as to 
deſcribe a pretty true Image of the body,as we find thetn from any regu- 
lar Superficies. Whether alſo this may not be found to cauſe the appa+ 
rition of ſome of thoſe Parelrs, or counterfeit Suns, which appear colou-« 
red,by refracting the Rays ſo, as to make the body of the Sun appear in 
quite another place then really it is. Butof this moreelfſewhere. 

5. Whether the Phexomena of the Clouds may not be made out by 
this diverſity of denſity in the upper and under parts of the Air, by 
ſuppoſing the Air above them to be much lighter then they themſelves 
are, and they themſelves to be yer lighter then that which is ſubjacent 
tothem, many of them yours to be the ſame ſubſtance with the Cob- 
webs that fly in the Air after a Fog. | 

Now that ſuch a conſtitution ot the Air and Clouds, if ſuch there be, 
may be ſufficient to perform this eftett, may be confirm'd by this Expe- 
riment. 

Make as ſtrong a Solution of Salt as you are able, then filling a Glaſs 
of ſome depth half full with it, fill the other half with freſh Water, and 
poyle a little Glaſs-bubble, ſo as that it may ſmk pretty quick 1n freth 
Water, which take and put into the aforeſaid Glaſs, and you ſhall find 
it to ſink till it comes towards the middle, where it will remain fixt, 
without moving either upwardsor downwards. And by a ſecond Ex+ 
periment, of poifing ſuch a bubble in water, whoſe upper part is warmer, 
and conſequently lighter, then the under, which is colder and heavier 3 
the manner of which follows in this next Quzry, which is, 

6. Whether the rarifation and condenſation of Water be not made 
after the ſame manner, as thoſe effects are produc'd in the Air by heat 
for I once pois'd a feal'd up Glaſs-bubble fo exattly, that never fo {mal 
an addition would make it fink, and as ſmall a detraCtion make it ſwim, 
which ſuffering to reſt in that Veſlel of Water for ſome time, Talwayes 
found it about noon to be at the bottorn of the Water, and at night, and 
in the morning, at the top: Imagining this to proceed from the Rari- 
faction of the Water, causd by the heat , I madetryal, and found moſt 
true 3 for I was able at any time, either to depreſs, or raiſe it, by heat 
and cold ; for if I let the Pipe ſtand for ſore time in cold water, I 
could eaſily raiſe the Bubble from the bottom, whither I had a little a- 
fore detruded it, by putting the ſame Pipe into warm Water. Aritl this 
way I have been able, for a very conſiderable tine, to keep a Bubble {6 
ours in the Water, as that it ſhould remain in the middle, and neither 
ſink, nor ſwim : For gently heating the upper part of the Pipe with a 

Candle, Coal, or hot Iron, till I perceived the Bubble begin to deſcend, 
then forbearing, Thave obſerved it to deſcend to ſuch or ſuch a ſtation, 
-and there to remain ſuſpended for ſome hours, till the heat by degrees 
were quite vaniſhed , when it would again aſcend to its: former place. 
This I have alſo often obſerved naturally performed by the heat of the 
Air, which being able to rarifie the upper parts of the Water ſooner 
. $henthe lower, by reaſon of its immediate conta&t, the heat of the Ay 
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has ſometimes ſo (lowly increaſed, that I have obſerved the Bubble to be 
ſome hours in paſſing between the top and bottom. 

7. Whether the appearance of the Pike of Tenerif, and ſeveral other 
high Mountains, at ſo much greater a diſtance then ſeems to agree with 
their reſpective heights , be not to be attributed to the Cxrvature of the 
viſual Ray, that is made by its paſſing obliquely through fo differingly 
Denſe a Medium from the top to the eye very far diſtant in the Hori- 
zon : For ſince we have already, I hope, made it very probable, that 
there is ſuch an i»fle&#;o» of the Rays by the difiering denſity of the 
parts of the Air; and ſince I have found , by ſeveral Experiments made 
on places comparatively not very high, and have yet found the preſſure 
ſuſtain'd by thoſe parts of the Air at the top and bottom, and allo their 
differing Expanſions very conſiderable : Inſomuch that I have found the 
preſſure of the Atmoſphere lighter at the top of St. Paxl s Steeple in Loz- 
don ( which is about two hundred .foot high ) then at the bottom by a 
ſixtieth or fiftieth part, and the expanſion at the top greater then that at 
the bottom by neer about ſo much alſo ; for the Mercrrial Cylinder at the 
bottom was about 39. inches, and at the top halt aninch lower; the Air 
alſo included in the Weather-glaſs,that at the bottom fill d only x55. ſpa- 
ces, at the top fill'd 158. "_= the heat at the top and bottom was 
found exaCtly the ſame with a ſcal'd Thermometer: I think it very rational 
to ſuppoſe , that the greateſt Curvature of the Rays is made neareſt the 
Earth,and that the infleCtion of the Rays, above 3. or + miles upwards, is 
very inconſiderable, and therefore that by this means ſuch calculations of 
the height of Mountains, as are made from the diſtance they are viſible in 
the Horizon,from the ſuppoſal that that Ray is a ſtraight Line (that from 
the top of the Mountain 1s, as'twere, a Tangent to the Horizon whence it 
isſeen) which really is a C#rve, 18 very erroneous, Whence, I ſuppoſe,pro- 
ceeds the reaſon of the exceedingly differing Opinions and Aflertions of 
ſeveral Authors, about the height of ſeveral very high Hills. 

8. Whether this InfleCtion of the Air will not very much alter the ſup- 
poſed diſtances of the Planets, which ſeem to have a very great depen- 
dence upon the Hypothetical refraCtion or inflection of the Air, and that 
refraction upon -the hypothetical height and denſity of the Air: For 
ſince ( as I _- I have here ſhewn the Air to be quite otherwiſe then 
has been hitherto ſuppos'd, by manifeſting it to be, both of a vaſt, at 
leaſt an uncertain, height, and of an unconſtant and irregular denſity ; 
It muſt neceflarily follow, that its inflection muſt be varied accordingly : 
And therefore we may- hence learn, upon what ſure grounds all the A- 
ſtronomers hitherto have built, who have calculated the diſtance of 'the 
Planets from their Horizontal Parallax ; : for ſince the Refrattion and 7 a- 
rallax areſo nearly ally'd, that the one cannot be known without the 
other, eſpeciallyby any wayes that have been yet attempted, how uncer- 
tain muſt the Parallax be,when the Refraftion 1s unknown? And how ealte 
is it for Aſtronomers to aſlign what diſtance they pleaſe to the Planets,and 
defend them,when they have ſuch a curious ſubterfuge as that of Refratti- 
on,wherein a very little variation will allow them liberty enough to place . 
the Celeſtial Bodies at what diſtance they pleale. | 
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If therefore we would come to any certainty in this point, we mult go 
other wayesto work ; and asI have here examined the height and retra- 
ive property of the Air by other wayes then are uſual, ſo muſt we 
find the Parallax of the Planets by wayes not yet practiſed; and to this 
end, [ cannot imagine any better way, then the Obſervations of them by 
two perſons at very far diſtant parts of the Earth, that lye as neer as may 
be under the ſame Meridian, or Degree of longitude , but differing as 
much in latitude, as there can be places conveniently. found : Theſe.two 
perſons, at certain appointed times, ſhould (as near as could be) both 
at the ſame time, obſerve the way of the Aon, Mars, Venus, Jupiter, 
and Saturn, amongſt the fixt Stars, with a good large Teleſcope, = ma- 
king little Iconilmes, or pictures, of the ſmall fixed Stars, that appear to 
each of them to lye in or near the way of the Center of the Planet, and 
the exaC&t meaſure of the apparent Diameter 3 from the comparing of 
ſuch Obſervations together, we might certainly know the true diſtance, 
or Parallax, of the Planet. And having any one true Parallax of theſe 
Planets, we, might very eaſily have the other by their apparent Diame- 
ters, which the Teleſcope likewiſe affords us very accurately. And thence 
their motions might be much better known, and their Theories more ex- 
aftly regulated. And for this purpoſe I know not any one place more 
convenient for ſuch an Obſervation to be made in, then in the Ifland of 
St. Helena, upon the Coaſt of Africk, which lyes about ſixteen degrees 
to the Southwards of the Line, and is very near, according to the lateſt 
Geographical Maps, in the fame Meridian with Loxdor ; for. though 
they may not perhaps lye exaCtly in the ſame , yet their Obſervations, 
being ordered according to what I ſhall anon ſhew, it will not be diff- 
cult to find the true diſtance of the Planet. But were they both under 
the ſame Meridian, it would be much better. | | 

And becauſe Obſervations may be much eaſier, and more accurately 
made with good Teleſcopes, then with any other Inſtruments, it will nor, 
I ſuppole, ſeem impertinent to explain a little what. wayesI judge, moſt 
fit and convenient for that particular. Such therefore as ſhall : be the 
Obſervators for this purpoſe, ſhould be furniſhed with the beſt Teleſcopes 
that can be had, the longer the better and more exact will their Obſer- 
vations be, though they are ſomewhat the more difficultly,, mapag'd. 
Theſe ſhould be fitted with a Refe, or divided Scale, plac'd at ſuch a di- 
ſtance within the Eye-glaſs,that they may be diſtin&ly ſeen, which ſhould 
be the meaſures of minutes and ſeconds ; by this Inſtrument each Ob- 


ſervatagx ſhould, * o_ prefixt times, obſerve the Moon, proother 
Ne ar. the Meridian 3 and becaule it may be yery diff- 


£ 


cr 

cult to o convenient ſtations that will happen to be juſt un the 
ſame Meridian, they ſhall, each of them, obſerve the way of the Planer, 
both for an hour before, and an hour after, it arriye-at ep ridian, 
and by a line, or ſtroke, amongſt the ſmall fixed Stars, rhey al enote 
out the way that each of them obſery'd the Center of; the P] net, to be 
mov'd in for thoſe two hours : Theſe Obſervations each. of them, tha 
repeat for many dayes together, that both it may happen, tar Potok 
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them may ſometimes make their Obſervations together, and that from 
divers Experiments we may be the better aſſured of what certainty and 
exactneſs ſuch kind of Obſervations are like to prove. And becauſe ma- 
ny of the Stars which may happen to come within the compaſs of ſuch 
an 1c0niſm, or Map, may be fuch as are only viſible through a good Tele- 
ſcope, whoſe Poſitions perhaps have not been noted, nor their longitudes, 
or latitudes, any where remarked; therefore each Obſervator ſhould in- 
deavour to inſert ſome fixt Star, whoſe longitude, and latitude, is known 
or with his Teleſcope he ſhall find the Poſition of ſome notable releſcopical 
Star, inſerted in his Map, to ſome known fixt Star, whoſe place in the Zo- 
diack is well defin'd. 

Having by this means found the true diſtance of the Moon, and ha- 
ving obſerved well the apparent Diameter of it at that time with a good 
Teleſcope, it is eafie enough, by one ſingle Obſervation of the apparent 
Diameter of the Moon with a good Glaſs, to determine her F ' pd 
in any other part of her Orbit, or Dragon, and conſequently, ſome few 
Obſervations will tell us, whether ſhe be mov'd in an E/ipfes, (which, by 
the way, may alſo be found, even now, though think we are yet igno+ 
rant of her true diſtance) and next ( which without ſuch Obſervati- 
ons, I think, we ſhall not be ſure of ) we. may know exaCtly the bigneſs of 
that E/7pſes, or Circle, and her true velocity in each part, and thereby be 
much the better inabled to find out the true miſs of all her Motions, 
And though, even now alſo, we may, by ſuch Obſervations in one ſtati- 
on, as here at London, obſerve the apparent Diameter and motion of the 
Moon in her Dragoz, and conſequently be inabled to make a better 
gheſs at the SFpeczes or kind of Curve, in which ſheis mov'd, that is, 
whether it be ſphzrical, or e/iptical, or neither, and with what propor- 
tional velocities ſhe is carried in that Curve; yet till her true Paral/ax 
be known, we cannot determine either. 

Next, for the true diſtance of the Sun, the beſt way will be, by accu- 
rate Obſervations, made in both theſe forementioned ſtations, of ſome 
convenient Eclipſe of the Sun, many of which may ſo happen , as to be 
ſeen by both; for the Pexumbra of the Moon may, if ſhe be ſixty Semi- 
diameters diſtant from the Earth, and the Sun above ſeven thouſand, ex- 
tend to about ſeventy degrees on the Earth , and conſequently be ſeen 
by Obſervators as far diſtant as Londox, and St! Helena, which are not 
full fxty nine degrees diſtant. And this would much more accurately, 
then any way that has been yetuſed, determine the Parallax, and di- 
ſtance, of the Sun; for as for the Horizontal Parallax I have alread 
ſhewn-it ſufficiently uncertain 3 nor is the way of finding it by the Eclipſe 
of the Moon any other then hypothetical ; and that by the difference of 
the true and apparent quadrature of the Moon is leſs not uncertain, wit- 
neſs their DeduCtions from it, who have made uſe of it ; for Yerdelrne puts 
that difference to be but 4*. 3o". whence he deduces a vaſt diſtance of 
the San, as have before ſhewn. RKicciolo makes it full 307. 00. but Rei- 
zoldw4, and Kircher, no leſs then three degrees. And no wonder, for it 
we examine the Theory, we ſhall find ito complicated with — 
ces. uit, 
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Firſt, From the irregular ſurface of the Moon, and from ſeveral Paral- 
laxes, that unleſs the Dichotomy happen in the Nonageſimus Of the Eclip- 
tick, and that in the Meridian, | 14 all which happen fo very ſeldom, 
that it is almoſt impoſſible to make them otherwite then uncertainly. 
Beſides,. we are not yet certain, but that there may be ſomewhat about 
the Moon analoges to the Air about the Earth, which may cauſe a refra- 
ion of the light of the Sun, and conſequently niake a great difference 
in the apparent dichotomy of the Moon. Their way indeed is very 
rational and ingenious 3 and ſuch asis much to be preferr'd before the 
way by the Horizontal Parallax, could all the uncertainties be retnoy'd, 
and were the true diſtance of the Moon known. 

But becauſe we find by the Experiments of YVerdiline, Reinoldwus, &c. 
that Obſervations of this kind are very uncertain alſo: It were to be 
wiſht, that fuch kind of Obſervations, made at two very diſtant ſtati- 
ons, were promoted. And it is ſo much the more deſirable, becauſe, from 
what I have now ſhewn of the nature of the Air, itis evident, that the 
refraction may be very much greater then all the Aſtronomers hitherto 
have imagined it : And conſequently, that the diſtance of the Moon, and 
other Planets, may be much lefle then what they have hitherto made 
It. 

For firſt, this InfleCtion, I have here propounded, will allow the ſha- 
dow of the Earth to be much ſhorter then it can be made by the other 
Hypotheſis of refrattion, and conſequently, the Moon will not ſuffer an 

_ Eclipſe, unleſs it comes very much nearer the Earth then the Aſtronomers 
hitherto have ſuppoſed it. | 

Secondly, There will not in this Hypotheſis be any other ſhadow of the 
Earth, fuch as Kepler ſuppoſes, and calls the Pemumbra, which is the ſha- 
dow of the refraCting Atmoſphere ; for the whey nay the Raysbeing al- 
together caus'd by Irfledion, as [ have already thewn , all that part 
which is aſcribed by Kepler, and oghers after him, to the Perwmbra, ot 
dark part, which is without the #-mbra terre, does clear vaniſh; for ini 
this Hypotheſis there is no refratting ſurface of the Air, and conſequently * 
there can be no ſhadows, ſuch as appear inthe ninth Figure of the 37. 
Scheme, where let ABCD repreſent the Earth, and EFGH the 4r- 
moſphere,which according to Keplers ſuppoſition,is like a Sphere of Water 
terminated with an exact ſurface EF GH, letthe lines MF, LB, TD, 
K H, repreſent the Rays of the Sun; 'tis manifeſt, that all the Rayes be- 
tween LB, and I D, will be reflected by the fſurfage of the Earth 
BAD, and conſequently, the conical ſpace BOD would be dark and 
obſcure z but, ſay the followers of Kepler, the Rays between MF, and 
LB, and between I D, and KH, falling on the Atmoſphere, are re- 
fracted, both at their ingreſs and egreſs out of the Atmoſphere, nearer to+ 
wards the Axis of the ſpzrical ſhadow CO, and conſequently, inlightetr 
a great part of that former dark Cone, and ſhorten, and contra, its top 
toN. And becauſe of this Reflection of theſe Rays, ſay they, there 1s 
ſuperinduc'd another ſhell of a dark Cone F Þ H, whoſe ApexP. is yet 
further diſtant from the Earth : By this Peruzbra, fay they, the Moon 

15 
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is Eclipſed, for 'it- alwayes paſſes between the lines 1 2, and 


: To which Iſay, That if the Air be ſuch, asI have newly ſhewn it to 

be, and conſequently cauſe ſuch an inftleftion of the Rays that fall into 

it, thoſe dark Pexumbra's FYZQ, HXVT, andORPS, willall va- 

niſh. For it we ſuppoſe the Air indefinitely extended, and to be no 

where bounded with a determinate refraCting ſurface, as I have ſhewn 

it uncapable of having, from the nature of it; 'it will follow, that the 

Moon will no where be totally obſcured, but when it is below the Apex 

N, of the dark blunt Cone of the Earth's ſhadow:Now,trom the ſuppoſi- 
tion, that the Sun is diſtant about ſeven thouſand Diameters, the point 

N, according to calculation, being not above twenty hve terreſtrial Se- 
ben UH the Center of the Earth : It follows, that whenfoever 
the Moon eclipſed is totally darkned, without affording any kind of 
light, it muſt be withifi twenty five Semidiameters of the Earth, and con- 
ſequently much lower then any Aſtronomers have hitherto pur it. 

This will ſeem much more conſonant to the reſt of the ſecundary Pla- 
nets 3 for the higheſt of Jupiter's Moons is between twenty and thirty 
Jovial Semidiameters diſtant from the Center of J»piter 3, and the Moons 
of Saturn much about the ſame number of Saturnial Semidiameters from 
the Center of that Planet. 

But theſe are but conjettures alſo,and muſt be determin'd by ſuch kind 
of Obſervations as have newly mention'd. | 

Nor will it be difficult, by this Hypotheſss, to ſalve all the appearances 
of Eclipſes of the Moon, for in this Hypotheſes alſo, there will be,on each 
fide of the ſhadow of the Earth, a Pexumbra, not caus'd by the Refracti- 
onof the Air, as in the Hypotbeſss of Kepler; but by the faint 1nlight- 
ning of it by the Sun : For if, inthe fixth Figure,we ſuppoſe ES Q, and 
GSR,to.be the Rays that terminate the hedow from either fide of the 
Earth 3.E $Q coming from the upger limb of the Sun, and G SR. from 
the ynder; it will follow, that the ſhadow of the Earth, within thoſe 
Rays, . that is, the Cone GSE, will be totally dark. But the Sun oP 
not a point, but a large area of light, there will be a ſecondary dar 
Cone 'of ſhadow EP G, which will be caus'd by the earth's hindring 
part of the Rays of the Sun from falling on the parts G PR, andEP Q. 
of which halved ſhadowy, or Pexwzrbra, that part will: appear brighteſt 
which 1lyes neareſt the terminating Rayes G P, and EP, and thoſe dar- 
ker that lye neareſt to GS, and ES : whentherefore the Moon ap- 

arsquite dark in the middle of the Eclipſe,ſhe mult be below $,that ts, 
| between, $ and F; when ſhe appears lighter near the middle of the 

Eclipſe, ſhe muſt paſs ſome where owe. R Q and S; and when ſhe 


ay light through the whole Eclypſe, ſhe muſt paſs between RQ,, 
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Obſerv. L1X. Of multitudes of fmall Stars diſcoverable by the 
Teleſcope. 


Aving, in the laſt Obſervation, premis'd ſome particulars obſeryable 

in the zredirm through which we mult took upon Celeſtial Objetts, 

I ſhall here add one Obſervation of the Bodies themſelves ; and for a 
ſpecimen | have made choice of the Plciades, or ſeven Stars, commonly fo 
called ( though in our time and Climate there appear no more then fix 
tothe naked cye ) and this I did the rather, becaufe the deſervedly fa- 
mous Gables, having publiſhe a Picture of this Afteriſme, was able, it 
ſeems, with his Glaſs to diſcover nomore then thirty fix, whereas with a 
pretty good twelve foot Teleſcope,by which I drew this 38 Kowniſer,l could 
very plainly diſcover feventy eight, placed inthe order they are ranged 
in the Figure, and of as many dittering Magnitudes as the Aſteriske, 
wherewith they are Marked, do ſpecifie 3 there being no leſs then four- 
reen ſeveral Magnitudes of thoſe Stars, which are comprisd within the 
draught, the biggeſt whereof is not accounted greater then one of the 
third Magnitude ;z and indeed that account 1s much too big,it it be com- 
pared with other Stars of the third Magnitude, eſpecially ty the help of 
a Teleſcope ;, for then by it may be perceiv'd, that its ſplendor, to the na- 
kedeye, may be ſomewhat augmented by the three little Starsimmedi. 
ately above it, which are near adjoyning to it. The Teleſcope alto diſco. 
vers a great variety, even inthe bigneſs of. thoſe, commonly reckon'd, ot 
the firſt, ſecond, third, fourth, fifth, and ſixth Ow 3 ſothat ſhould 
they be diftinguiſh'd thereby, thoſe (ix Magnitudes would, at Jeaſt, af- 
ford no leſs then thrice that number of Magmtudes, plainty'enough di- 
ſtinguiſhable by their Magnitude, and brightneſs; fo that a good twelve 
foot Glaſs would afford us no lefs then twenty five ſeverat Magnitudes. 
Nor are theſe all, but a Jonger Glafs does yet further, both more nicely 
diſtinguiſhthe Magnirudes of thoſe already noted, and alfo diſcover fe- 
veral other of frualier Magnitudes, not difcernable by the twelve foot 
Ghſs: Thus have been able, witha good thirty fix foot Glak, to diſco- 
ver many more Stars in the Plezades then are here delineated, and thoſe 
of three or four diſtint Magnitudes leſs then any of thoſe fpots of the 
fourteenth Magnitude. And by the twinkling of divers other places of 
this Ateriſmre, when the Sky was very clear, I am apt tothink, that with 
longer Glaſtes, or ſich'as wonld beara bigger apertare, there might be 
diſcovered multitudes of other ſmall Stars, yet inconſpicuous. And in- 
deed, for the diſcovery of ſmall Stars, the bigger the aperture be, the 
better adapted is the Glaſs; for though perhaps it does make the ſeveral 
fpecks more radiant, and glaring, yet by that means, - uniting more Rays 


very near to one point, it does make-many of thoſe radiant points con{pt- 
K k CUOus, 
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cuous, which, by putting on a leſs apertwre, may be found to vaniſh ; 
and therefore, both for the diſcovery of the fixt Star, and for finding the 
Satellites of Jupiter, before it be out of the day, or twilight, I alwayes 
leave the ObjeQt-glaſs as clear without any aperture as I can , and have 
thereby been able to diſcover the Satel/ites a long while before 51 was 
able to diſcern them, when the (maller apertures were put on; and at o- 
ther times, to ſee multitudes of other ſmaller Stars, which a ſmaller aper- 
ture makes to diſappear. 

In that notable Aſteriſm2 alſo of the Sword of Orion, where the Ingeni- 
ous Monſieur Hugens van Zulichem has diſcovered only three little Stars 
in a cluſter, Thave with a thirty fx foot Glaſs, withput any aperture (the 
breadth of the Glaſs being about ſome three inches and ahalt )diſcover'd 
five, and the twinkling of divers others up and down in givers parts of 
that ſmall milky Cloud. 

So that 'tis not unlikely, but that the meliorating of Teleſcopes will af- 
ford as great a variety of new Diſcoveries in the Heavens, as better Adi- 
ereſcopes would among ſmall terreſtrial Bodies, and both would give us 
infinite cauſe, more and more to admire the omnipotence of the Crea- 
tor. 


—_——_— 


Obſerv. LX, Ofthe Moon. 


Aving a _ large corner of the Plate for the ſeven Starrs, void, 
for the filling it up, I have added one {mall $pecimrer of the a 
pearance of the parts of the Moon, by deſcribing a ſmall ſpot of it,which, 
though taken notice of, both by the Excellent Hewvelius, and called Mors 
Olympus (though I think ſomewhat improperly, being rather a vale) and 
repreſented by the Figure X, of the 38. Scheme, and alſo by the Learn'd 
Ricciolys, who calls it Hipparchws, and deſcribes it by the Figure Y, yet 
how far ſhort both of them come of the truth, may be ſomewhat per- 
ceiv'd by the draught, which I have here added of it, inthe Figure Z, 
( which Idrew by a thirty foot Glaſs, in 0Fober 1664. juſt before 'the 
Moon was half inlightned) but much better by the Reader's diligently 
obſerving it himſelf, at a convenient time, witha Glaſs of that length, 
and _ better yet with one of threeſcore foot long ; for wary. 
it appears a very ſpacious Vale, incompaſled with a ridge of Hills, not 
very high in compariſon of many other in the Moon, nor yet very ſteep. 
The Vale it ſelf ABCD, is much of the figure of a Pear, and from {+ 
veral appearances of it, ſeems to be ſome very fruitful place, that is, to 
have its ſurface all covered over with ſome kinds of vegetable ſubſtan- 


ces; for in all poſitions of the light on it, it ſeems to give a much fainter 
refleftion then the more barren tops of the het Hills, and thoſe 
a much fainter then divers other cragged, chalky, or rocky Mountains 
of the Moon. Sothat I am not unapt to think, that the Vale may have 

Vegetables 
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Vegetables aalogws to our Graſs, Shrubs, and Trees ; and moſt of theſe 
incompaſiing Hills may be covered with ſo thina vegetable Coat, as we 
may obſerve the Hills with' us to be, fuch as the ſhort Sheep paſture which 
coversthe Hills of Sa/lzsbury Plains. 

' Upand down in ſeveral parts of this place here deſcrib'd ( asthere 
aro multitudes in other places all over the furface of the Moon) ma 
be perceived ſeveral kinds of pits, which are ſhap'd almoſt like a diſh, 
ſome bigger, ſome leſs, ſome ſhallower, ſome deeper, that is, they ſ.em 
to be a hollow Hemiſphere, incompaſſed with a round riſing bank, as if 
the ſubſtance in the middle had been digg'd up, and thrown on either 
ſide. Theſe ſeem to me to have been the effects of ſome motions within 
the body of the Moon, analogues to our Earthquakes, by the eruption 
of which, as it has thrown up a brim, or ridge,round about, higher then 
the Ambient ſurface of the Moon, fo has it left a hole, or depreflion, in 
the middle, proportionably lower z divers places reſembling ſome of 
theſe, I have oblerv'd here in Ergland, on the tops of ſome Hills, which 
might have been caus'd by ſome Earthquake in the younger dayes of the 
world. But that which does moſt incline me to this belief, is, firſt, the 
generality and diverlity of the Magnitude of theſe pits all over the bo- 
dy of the Moon. Next, the two experimental wayes, by which I have 
made a repreſentation of them. 

The firſt was with a very ſoft and well temper'd mixture of Tobacco- 
pipe clay and Water, into which, it I let fall any heavy body, as a Bul- 
let, it would throw up the mixture round the place, which for a while 
would make a repreſentation, not unlike theſe of the Moon 3 but con- 
ſidering the ſtate and condition of the Moon, there ſeems not any proba- 
bility to imagine, that it ſhould proceed from any cauſe azalegus to this ; 
for 1t would be difficult to imagine whence thoſe bodies ſhould come 3 
and next, how the ſubſtance of the Moon ſhould be fo foft; but if a 
Bubble be blown under the ſurface of it, and ſuffer'd to riſe, and break 3 
or if a Bullet, or other body, funk in it, be | way out from it, theſe de- 
parting bodies leave an impreſlion on the ſurface of the mixture; exadly 
like theſe of the Moon, fave that theſe alſo quickly ſubſide and vaniſh. 
But the ſecond, and moſt notable, repreſentation was, what I obſerv'd 
in a pot of boyling Alabaſter, for there that powder being by the erupti- 
on of vapours reduc'd toa kind of fluid confiſtence, if, whil'{t it boyls, it 
be gently remoy'd beſides the fire , the Alabaſter preſently ceafing to 
boy], the whole ſurface, eſpecially that where ſome of the laſt Bubbles 
have riſen, will appear all over covered with ſmall pits, exaGtly ſhap'd 
like theſe of the Moon, and by holding a lighted Candle in a large dark 
Room. indivers poſitions to this ſurface, you may exaGtly repreſent all 
the Phenomena of thele pitsin the Moon, according as they are more or 
1:is inlightned by the Sun. | 

And that there may have been in the Moon ſome ſuch motion as 

this, which may have made theſe pits, will ſeem the more probable, 

if we ſuppoſe it like 'our Earth, for the Earthquakes here with us ſeem 

to proceed from ſome ſuch caule, as a boyling of the pot of Ala- 
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baſter, 
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baſter , there ſeeming to be generated in the Earth from ſome ſubter- 
raneous fires, or heat, great quantities of vapours,' that is, of [&xpan- 
ded aerial ſubſtances, hich not preſently finding a paſlage through the 
ambient parts of the Earth, do, as they are increaſed by the ſupplying 
and generating principles, and thereby ( having not ſufficient.room to 
expand themſelves) extreamly condens'd , at laſt overpower , with 
their elaſtick, properties, the refiſtence of the incompaſiing Earth, and 
lifting it up, or cleaving it, and ſo ſhattering of the parts of the Earth 
above it, doat length, where they find the parts of the Earth above them 
more looſe, make their way upwards, and carrying a great part of the 
Earth before them, not naly raiſe a (mall brim wks about the place,out 
of which they break , but tor the moſt part conſiderable high Hills and 
Mountains, and when they break from under the Sea, divers times, 
mountainous Iſlands 3 this ſeems confirm'd by the Yulcans in ſeveral 
places of the Earth, the mouths of which, for the moſt part, are incom- 
paſſed with a Hill of a confiderable height, and the tops of thoſe Hills, 
or Mountains, are uſually ſhap'd very much like theſe pits, or diſhes, of 
the Moon : Inſtances of this we have in the deſcriptions of Atra in $7- 
cily, of Hecla in Iceland, of Tenerif in the Canaries, of the ſeveral Yul- 
cans in New+-Spain, deſcrib'd by Gage, and more eſpecially in the erupti- 
on of late years in one of the Canary I{Jands. In all of which there is not 
only a confiderable high Hill raiſed about rhe mouth of the Yulcar , bur, 
like the ſpots of the Moon, the top of thoſe Hills are like a diſh, or ba- 
ſon. And indeed, if one attentively conſider the nature of the thing, 
one may find ſufficient reaſ6n to judge, that it cannot be otherwiſe 3 for 
theſe eruptions, whether of fire, or ſmoak, alwayes rayſing great quan- 
tities of Earth before -them, muſt neceſlarily, by the fall of thoſe parts 
on eitherſide, raiſe very conſiderable 'heaps. 

Now, both from 'the figures of them, and from ſeveral other. cir- 
cumſtances; theſe pits in the Moon ſeem to have been generated 
much after the ſame manner that the holes inAlabaſter, and the Y#l- 
cans of the Earth are made. For firſt, it is not improbable, but that 
the ſubſtance of the Moon may be-very much like that of our Earth, 
that is, may conſiſt of anearthy, ſandy, or rocky ſubſtance, in ſeveral of 
1ts ſuperficial parts, which parts being agitated, undermin'd, or heav'd 
up, bye tions of vapours, may naturally be' thrown into the ſame 
kind of figured holes, as the ſmall duſt, or powder of Alabaſter. Next, 
it is not improbable, but that there may be generated, within the body 
of the Moon, divers fuch kind of mternal fires and heats, as may pro- 
duce fuch Exhalations; for ſince we ean plainly enough diſcover with a 
Teleſeope.; 'that there are multitudes of ſuch kind 'of eruptions in the 
body ofthe Sun it ſelf, which is accounted the moſt noble Xtherial bo- 
dy, certainly we need not be much ſcandaliz'd at ſuch kind of altera- 
tions, [or corruptiotis, in the body: of 'this lower and leſs conſiderable 
part of the univerſe, the Moon, which is only ſecundary, or attendant, 
on the-bigper, :and more conſiderable bady of the Earth. Thirdly, 'tis 
not unlikely, bat that fappoſing ſuch-a'fandy or-mouldring ſubſtance to 
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be there found, and ſuppoſing alſo a poſſibility of the generation of the 
internal elaſtical body ( whether you will call it air or -yapours ) 'tis 
not unlikely, I ſay, but that there is in the Moon a principle'of' gravita- 
tion, ſuch as in the Earth. And to make this probable, I think, xye need 
no better Argument, then the roundneſfs, or globular Figure- of the bo- 
dy of the Moon it ſelf, which we may perceive very plainly by the Te- 
leſcope, to be ( bating the ſmall inequality of the Hills and Vales in it, 
which are all of them likewiſe ſhap'd, or levelled, as it were, to anſwer 
to the center of the Moons body ) perfectly of a Spherical figure, that 
is, all the parts of it are ſo rang'd ( bating the comparitively ſrall rug- 
pedneſs of the Hills and Dales )' that the outmoſt bounds of them are 
equally diſtant from the Center of the Moon, and conſequently, it is 
exceedingly probable alſo, that they are wo from the Center of 
gravitation; and indeed, the figure of the ſuperficial parts of the Moon 
are ſo exatly ſhap'd, according as they ſhould be, ſuppoſing it had « 
yravitating principle as the Earth has, that 'even the figure of thoſe 
parts themſelves is of ſufficient efficacy ro make the gravitation, and the 
other two ſuppoſitions probable : ſo that the othet ſuppoſitions ray be 
rather prov'd by this conſiderable Circumſtance;'or Obſervation, then 
this ſuppos'd Explication can by them 3 for he that ſhall attentively 
obſerve with an excellent Teleſcope, how all the Circumſtances, notable in 
the ſhape of the ſuperficial parts, are, as it were, exatly adapted to 
ſuit with ſuch a principle,will.it he well confiders the uſual method of Na- 
ture in its other proceedings,find abundant argument to belieye it to have 
really there alſo ſuch a principle; for T could never obſerve,among all the 
mountainous or prominent parts of the Moon ( whereof there isa huge 
variety ) that any one part of it was plac'd in ſuch a manner,that if there 
ſhould be a gravitating, or attracting principle in the body of the Moon, 
it would ——_ that part to fall, or be moy d out of its viſible poſture, 
Next, the ſhape and poſition of the parts is ſuch, that they all ſeem put 
into thoſe very ſhapes they are in by a gravitating power - For firſt,there 
are but very few clifts, or very ſteep declivities in the aſcent of theſe 
Mountains; for beſides thoſe Mountains, which are by Hevelins call'd the 
Apennine Mountains, and ſome other, which ſeem to border on the Seas 
of the Moon, and thoſe only upon one fide, asis common allo in thoſe 
Hills that are here on the Earth; there are very few that ſeem to have 
very ſteep aſcents, but, for the moſt part, they. are made very round, 
and much reſemble the make of the Hills and Mountains alſo of the 
Earth 3 this may be partly perceived by the Hills incompaſling this Vale, 
which I have here deſcrib'd ; and as on the Earth alſo, the middlemoſt 
of theſe Hills ſeems the higheſt, ſo is it obvious alſo, through a good Te- 
leſcope, in thoſe of the Moon 3 the Vales alſo in many are much fhap'd 
like thoſe of the Earth, and I am apt to think, that could we look upon 
the Earth from the Moon, with a good Teleſcope, we might cafily enough 
perceive its ſurface to be very much like that of the Moon. 
Now whereas in this ſmall draught, (as there would be multitudes if 
the whole Moon were drawn after this manner) there are ſeveral little 
Ebullitions, 
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Ebullitions, or Diſhes, even in the Vales themſelves,and in the incompaſ- 
fing Hills alſo ; this will, from this ſuppoſition, (which T have, I think, up- 
on very good reaſon taken) be exceeding eafily explicable; for, as I 
have ſeveral times alſo obſerv'd, inthe furtace of Alabaſter ſo ordered, 
as I before deſcrib'd, ſo may the later eruptions of vapours be evenin the 
middle, or on the edges of the former z and other ſucceeding theſe alſo 
in time may be in the middle or edges of theſe, &c. of which there are 
Inſtances enough in divers parts of the body of the Moon, and by a 
boyling pot of Alabaſter will be ſufficiently exemplifi'd. 
o conclude therefore, it being very probable, that the Moon has a 
rinciple of gravitation , it affords an excellent diſtinguiſhing Inſtance 
in the ſearch after the cauſe of gravitation, or attraCtion, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth, as 
ſome have ſomewhat inconſiderately ſuppoſed and affirmed it to do; for 
if the Moon has an attraCtive principle, whereby it is not only ſhap'd 
round , but does firmly contain and hold all its parts united, though 
many of them ſeem as looſe as the ſand on the Earth, and that the Moon 
is not mov'd about its Center; then certainly the turbination cannot be 
the cauſe of the attraftion of the Earth 3 and therefore ſome other 
principle muſt be thought of, that will agree with all the ſecundary as 
well as primary Planets. Bur this, I confeſs, is but a probability, and 
not a demonſtration, which (from any Obſervation yet made) it ſeems 
hardly capable of, though how ſucceſsful future indeavours (promoted 
by the meliorating of Glaſſes, and obſerving particular circumſtances) 
may bein this, or any other, kind, muſt be with patience expected. 
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x; Obſervat. 1. Ofthe point of a Nee- 
dle. 


Deſcription of it : what other 
2 
A Bodies have the ſharpeſt points : 
of the ruggedneſs of poliſht Metal. A 
3 deſcription of a printed point. Of ve- 
ry ſmall writing, and the uſe of it for 
ſecret. intelligence : the canſe of the 
conrſneſs of printed lines and points» 


4 Obſerv.2. Of the Edge of a Razor. 


 Adeſcription of it : the canſes of 
» 5 its roughneſs : of the roughneſs of very 
well poliſht optick Glaſſes. 


Obſer.3. Of fine Lawn. 


A deſcription of it : 4 ſilken Flax 
mention d.,an attempt to explicate the 
6 Phanomena of it, with a conje@ure 


at the cauſe of the gloſs of Silk. 
Obſerv. 4..- Of Tabby. 
A ſhort deſcription of it. 4 conje- 


7 @ure about the reaſon why Silk #s ſo 
ſuſceptible of vivid colours : ant! why 
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ſome other Phenomena mention'd 10 
depending on the ſame canſe. 


Obſerv. 5, Of Glak-Canes. 


The exceeding ſmalneſs of ſome 
theſe Bodies. By Urs etrs bl. 
lownefs of theſe ſmall pipes was diſco- 
ver d: ſeveral Phanomena of it men- 11 
tion'd, An attempt to explicate them 
from the congruity and incongruity of 12 
Bodies : what thoſe proprieties are. A 13 
hypothetical explication F/ fluidity : of 
the fluidity of the air,and ſeveral other 14. 
Pheznomena of 7t : of congruity & in- 15 
congruity; illuſtrated with ſeveral Ex- 16 
periments:what effe@s may be aſcrib'd 17 


| to theſe properties : . an explication of 1 8 


the roundne(s of the ſurface of fluid 
Bodies : how the ingreſs of fluid bodies 19 
into a ſmall hole of an heterogenious 20 
body is hindred by incongrutty;, a 
multitude of Phxnomena expheable 2T 
hereby. Several Queries propounded ;, 
1. Concerning the propagation of light 
through differing mediums. 2, Con- 22 
cerning Gravity. 23. Concerning the 
roundneſs of the Sun, Moon, and Pla- 
nets. 4. Concerning the roundneſs of 


Flax and Hair is not. A conjeture, 
that it may perhaps be poſſible to ſpin 
a kind of artificial Silk, out of ſome 
glutinows ſubſtance that may equalize 
natural Silk. 


8 Obſery. 5. Of water'd Silks. 


The great unaccurateneſs of artift- 

cial works. A deſcription of a piece of 

9 water d Silk, an Explication of the 
cauſe of the Phznomena : the way by 
which that operation is perform'd : 


Fruits, Stones, and divers artificial 
Bodies. His Highneſs Prince Rupert's 23 
way of making Shot. Of the roundneſs 24, 
of Hail, Of the grain of Kettering 
Stone,and of the Sparks of fire.5.Con- 25 
cerning ſpringineſs and tenacity. 
6. Concerning the original of Foun- 26 
tains; ſeveral Hiſtories and Experi- 
ments relating thereto. 7.Concerning 27 
the diſſolution of Bodies in Liquors. 
8. Concerning the univerſality of this. 28 
Principle : what method was taken in 
making ana applying experiments. The 
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explication of filtration, and ſeveral 
29 other Phaxnomena z ſuch as the motion 
of Bodies on the ſurface of Liquors: ſe- 
30 veral Experiments mention d to this 
purpoſe.Of the height to which the wa- 
ter may riſe in theſe Pipes;and a conje- 
31 &ure about the juices of Vegetables,O- 
the uſe of their pores. A further expli- 
cation of Congruity:.1na an attempt of 
ſolving the Phanomena of the ſtrange 
Experiment of the ſuſpenſion of the 
32 Mercury at a much greater height 
then thirty inches. The efficacy of ine- 
mediate contad, and the reaſon of it. 


33 Obſerv. 7. Of Glaſs drops. 


Several Experiments made with 

34 theſe ſmall Bodies. The manner of the 
breaking and flawing of them, expli- 

25 cated by Figures, What other bodies 
will be flawed much in the ſame man- 
ner : ſome other tryals, and a deſcrip- 
tion of the Drops themſelves : ſome 
conjectures at the cauſe of the Pha- 
nomena,indeavoured to be made pro- 

36 bable by ſeveral Arguments and Expe- 
riments. An Experiment of the expan- 
fron of Water by heat,and ſhrinking by 
cold : the like Proprieties ſuppos d in 

37 Glaſf drops, and what effetts proceed | 
from them: the ſeven Propoſetions on 
which the conjeures are eronnded. 
Experiments to ſhew, that bodies ex- 

33 pand by heat. The manner of making 
e-6Anetts , and the Inſtrument 
39 for graduating them. The manner of 
graduating #hem, and their uſe : 0- 
ther Experiments to prove the expan- 

40 from of bodies by heat. Four experimen- 
tal Arguments to prove the expanſcon 

41 of Glaſs by heat : further prov d by the 
Experiment of boyling Alabaſter ; 
which is explicated. An explication 

of the contraiting of heated Glaſs up- 

2 on cooling. An-explication how the 


parts of the Glaſs become bent by jud- 
den 6 and how kept fron extrica- 
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ting themſelues by the contignation of 
the Glaſ# drop 5 which is further ex- 
plicated by another Experiment made 

'Fith a hollow Glaff ball : the reaſon of 45 
the flying aſunder of the parts further 
explicated : that tis probable theſe be- * 
dies may have many flaws, though not 
viſtble,and why : how a gradual heat- 
ing and cooling does put the parts of 44. 
Glaſs, and other hardned bodies , 
into'a looſer texture. 


Obſerv. 8. Of Fiery Sparks. 


The occaſron and manner of ma- 
king this Experiment : divers Obſer- 45 
vations ſet down in order to the find- 
ing out the reaſons : ſome conjettures 
concerning it, which are endeavoured 
to be explicated and confirm'd by ſe- 
veral Experiments and Reaſons : the | . 
Hypotheſis a Httle further explica- 
ted. Some Obſervations about the 
Globular Figure : and an Experiment 
of reducing the filings of Tin or Lead 
to exattly round Globules. 
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Obſerv, 9. Of Fantaſtical Colours. 


The texture of Muſcovy Glaſs; its 
Figures:what other Bodies are like it: |» 
that it exhibits ſeveral colours , and 4 
how:ſeveral Oiroauen and Experi- 
ments about thoſe colours : the reaſon 
why on this occaſion the nature of co- 49 
lonrs is inquir d into. A conjetture at 
the reaſon of theſe colours explicated 5 
by foveral Experiments and Reaſons > 
Firſt, by continual cleaving the B 
till it become coliur'd. Secondly, by 
producing all kinds of colours with 
two flat Plates of GlaſS. Thirdly, by 
blowing Glaſs ſo thin in the Lamp, till ; 
it produce the ſame efie#. Foxrthly,by , 
doing the ſame with Bubbles of di- 
vers other tranſparent Bodies : the 
reaſoms of the colonrs on nealed Steel, 
where by the way the canſes of the: 5? 
hardning 


52 hardning and tempering of Steel, 
endeavour d to be ſhewn and explica- 
ted by ſeveral Reaſons and Experi- 
ments : the reaſon of the colours on 

53 Lead, Braſs, Copper, Silver, $c, other 
Inſtances of ſuch colour d bodies in 
animal ſubſtances : ſeveral other. di- 
ſtinguiſhing Obſervations. Des Cartes 

54 Hypotheſis of Colours examin'd. An 
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refraFion. An Hypotheſis conſonant 
hereunto,explicated by Figures, How 69 
ſeveral Experiments , of the ſudden 
changing of Colours hy Chymical Lt- 
quors, may be hereby explicated : how 70 


| many wayes ſuch Chymical Liquors 
| may alter the colours of Bodies, 
| ObjeFions made againſt this Hypo- 71 


theſis of two colours only,indeavour- 


Hypotheſis for the explication of | ed to be anſwer'd,” by ſeveral Reaſons 


light by motion , indeavonred tobe 
explicated and determined by ſeve- 
55 ral Reaſons and Experiments ; three 
diftinguiſhing Properties of the moti- 
$6 0nof light. The diſtinguiſhing Proper- 
ties of a traſparent Medium |_ that 
there ſeems to be no Experiment that 
proves the Inſtantaneous motion of 


57 light ] the manner of the propagati- 


on of light through them. Of the ho- ' 


mogenicty and heterogemety of 
tranſparent Mediums , and what ef- 
fe@&s they cauſe on the Rayes of light, 
explicat ed by a Figure : an Fxami- 
$8 nation of the refradtion of the Rays 
by a plain Surface , which cauſes Co- 
lours. An Examination of the like ef- 
feFs produced by a ſpherical Surface ; 
the uſe that may be made of theſe Ex- 
periments , for the examination 0 
ſeveral Hyporheles of Colowrs, Des 
60 Cartes Hypothelis examin'd. Some 
61 Difficulties taken notice of 1n it. What 
ſeems moſt likely to be the cauſe of co- 
ltonr : that propriety is indeavonred 
92 to be ſhewn in « Glaſs ball: thatthe 
refleFion is not neceſſary to produce 
63 Colowrs nor a double refrattion : the 
Hypotheſis farther examined both 711 
64. the pellucid Medium and 7» the Eye. 
The definitions of Colours;and « fur- 
65 ther explication and examination if 
66 the Proprieties of laminated Bodies ; 
67 by what means they conduce to the 
produ@ion of Colours. 


Obſerv. 10. Of Metalline Colours. 
68 ' That all Colonts ſeemt tobe eans'd by 
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and Fxperiments, The reaſon why 72 
Jome Colours are capable of being di- 
luted,others not ; what thoſe are; that 
probably the particles of moſt metal- 
line Colours are tranſparent ; for this 
Jeveral Arguments and Obſervations 
are recited : how Colours become in- 73 
capable of diluting , explicated by a 
Srmilitude. 4n Inſtrument, by which 74 
one andthe ſame coloured Liquor at 
once exhibited all the degrees of co- 
lours between the paleſt yellow and 
c__ red ; as likewiſe another that 
exhibited all varieties of blues : ſe- 
veral Experiments try d with theſe 
Boxes. An Objedion drawn from the 75 
ngture of Painters colours anſwered: 
that diluting and whitcning a colour 
are different operations as are 
deepening and blackening ; why lome 
may be diluted by grindins, and ome 
other by being temperea with Ol: 
ſeveral Experiments for the explica- 76 
ting of ſore former Aſſertions : why 77 
Painters are forced to make uſe of 
many colours : what thoſe colours are : 
and how mixt. The concluſion, that 78 
moſt. coloured Bodies ſeem to conſiſt 
of tranſparent particles ; that all co- 79 
{ours diffolnble in Liquors are capa- 
ble of di{nting : jome of mixing, what 

< feng variety way thergby be pr o- 

wed. 


Obſerv. .1t. Of . the Figures of 
Sand, 


of the ſubSances and ſhapes of 80 
L | 


COMMON 


| 


- 1 —> 2. <D0S - jo an ap omar 


common and other Sands : a deſcri- 


ption of a very ſmall Shell. 
81 Obſerv. 12. Of Gravel in Urine. 


A deſcription of ſuch Gravel, and 
82 ſome tryals made with it , and conje- 
Fures at its cauſe. 


Obſer. 13. Of Diamonds in Flints. 


A deſcription and examination of 

ſome of them , explicated further by 

83 Corniſh Diamonds : ſeveral Obſerva- 

tions about refleFion and refraGion : 

and ſome deduftions therefrom ; as 

an explication of whiteneſs; that the 

Air has a ſtronger refleion then Wa- 

94 ter. How ſeveral Bodies may be made 

tranſparent : an explication of the 

85 Phznomena of Oculus Mundi, of 

the regular Geometrical Figures of 

9s ſeveral Bodies : an hypotheticalexpl:- 

87 cation mentioned: the method of pro- 
fſecuting this inquiry. 


22 Obſerv 14. Of frozen Figur e. 


The Figures of hoar Froſt, and the 

Qq Vortices on windows : ſeveral Obſer- 

vations on the branched Figures of 

© Urine: the Figures of Regulus Mar- 

91 tis ſtellatus, and of Fern. Of the Fi- 
92 Ewres of Snow. Of frozen water. 


Obſerv. 15. Of Kettering Stone. 


93 4 deſcription of the Figure of the 
4 Particles, and of the Pores, and of the 
Contexture. Several Obſervations ang 

96 Conſiderations thereupon : ſome Con- 
jeFures gbout the medium and pro- 
97 pagation of hebt, and the conſtitution 
of fluid and tranſparent Bodies, Se- 

Q veral Experiments to prove: the po- 
rouſne(s of ; Marble , and ſome other 
Stones. An account of ſome Experi- 
ments to this purpoſe made on an 
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Oculus Mundi : ſome other Conſide- 99 
rations and Experiments about the 
poronſneſs of Bodies: ſome other Con- 100 
ſtderations about the propagation of 
light and refra@ion. 


Obſerv. 16. Of Charcoal. 


Of two ſort of Pores to be found 101 
in all Woods and Vegetables; the 
ſhape of them ;, the number , thick- 
neſs, manner and uſe of theſe Pores. 

An explication of the Phaznomena 102 
of Coals. The manner of charring 
Wood, or any other body. What part 

of Wood is combuſtible. An Hypo- x0 3 
theſis of fire explicated in twelve ; 
particulars , wherein the Aion of 
the .1ir, as a Menſtruum, ir the dif- 
ſolution of all ſulphureous bodies, is 
very particularly explicated, and 105 
ſome other Conſiderations about the 

Air propoſed : the examination of 

a piece of Lignum toſhle ſent from , ,; 
Rome, and ſome Concluſions thence 


| deduc'd. 


Obſerv. 17. Of Wood, and other 107 
Bodies, petrified. 


Several Obſervations of divers 
kinds of theſe ſubſtances..A more par- 108 
ticular examination and explicati- 
on of one very notable piece of petri- 
fied Wood ;, and ſome Conjeitures a- 
bout the cauſe of thoſe produ@tions : 
ſeveral Obſervations made on other x09 
petrified Bodies, as Shells, &c. And., ,> 
ſome probable Concluſtons thence de- , , , 
duc'd, about the original cauſe of ,, , 
thoſe Bodies. 


Obſerv.18. Of the Poresof Cork, |, 2 
and other Bodies. 
Several Obſervations and Conſe- 
derations about the nature of Cork ho 
the number of Tores in a cubical 
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Inch, and ſeveral Conſiderations a- 
115 bout Pores, Several Experiments 
and Obſervations about the nature 
of Cork : the Texture and Pores of 
the Pith of an Elder, and ſeveral o- 
ther Trees : of the Stalks of Bur- 
docks Teaſels,Daiſies Carret Fennel, 
I16 Ferne,Reeds, &Cc. of the frothy tex- 
ture of the Pith of a Feather : ſome 
ConjeFures about the probability of 
valnes in theſe Pores. Argued alſo 
from the Phanomena of the ſenſt- 
117 ble and humble Plant : ſome Obſer- 
120 vations 0n which are inſerted, 


121 Obſerv. 19. Of a Vegetable 
growing on blighted Leaves. 


122 Several Obſervations and Exa- 

123 minations made of them : ſeveral 

124 Conſiderations about ſpontaneous 

125 generation ariſing from the putre- 
fadtion of Bodies. 


Obſerv. 20. Of Blew Mould and 
Muſhromes. 


126 The deſcription of ſeveral kinds 
127 of Moulds. The method of proceed- 
ing in natural Imquiries. Several 
Conſiderations about the nature of 
Mould and Muſbromes, 1. That 
they may be produc'd without ſeed. 
2. That they ſeem to have none. 
3+ That Salts,&c. are ſhap'd into as 
128 curious figures without a ſeed. 4. Of 
a kind of Muſhrome growing in a 
Candle : A more particular explica- 
tion of this laſt ſort of Muſhromes. 
129 5- Of the figure and manner of the 
produGion of petrified Iceicles:ſeve- 
ral deduions from theſe Coxſidera- 
120 tons, about the nature of the vege- 
tation of Mould and Maſbromes, 


IZJ1 Obſerv. '21I. Of Mofs. 


132 The deſcription of ſeveral ſorts of | 


ſuch atextures, t 


Moſſes  upon- this occaſion ſeveral 
Conje@ures,about the manner of the 
produttion of theſe kinds of Bodies, 
are hinted, and ſome of them expli- 
cated by a Similitude takin from a 133 
piece of Clock-work." The vaſt diffe- ; 34 
rence of the bigneſs of wegetable Bos © * 
dies ;, andthe probability that the 
leaſt may comprehend  #s curious 
contrivances as the greateſt: Of mul 2 5 
titudes of other Monlds, Moſſes,an 
Mufhromes.,: and other wegetating 
Principles, in Water; Wood, 8c." 


Obſerv. 22. Of Sponges,and other 
tibrous Bodies. DY 


Several Obſervations and Conje- , 6 
Fnres about the making of theſe Bo- 5 
dies andſeveral Hiſtories out of 
Authors.$carce a other Body hath 137 

frbrows texture 138 
of Leather, $punk,, 8c; (which are 139 
there deſcrib d ) come neareſt toit> 
That wpon tryal with a piece of 
Spunge and Oyl the neceſſity of vt 1 40 
ſprration conld not bealter d. 
Obſerv. 23. Of the Form of Sea- 2, 
. weed. & 

From the curionſly ſhap'd $wrs | 

face of” this Sea-weed, and ſome o* , : 


thers.,3s conjetured the polſibility of 141 
multitudes of the like. . 14 4 


Obſerv. 24. .Of the Surfaces of 
ſome Leaves: I 


The deſcription, 'i x. Of the bald 
Surfaces of Leaves. 2. Of the dow- 
ny _—_ of " ſeveral others. : 
3. Of the gummonnexſudation, vor We 
ſmall tranſparent Pearls, diſcovered 4 
with: a* Microſcope in; ſeveral v- 
thers. An Inſtance of all which is 
aff orded in a Roſemary. Leaf. Q? 


Obſerv. 


The 


Obſery,.25, Of the ſinging 
Points of a Nettle, 


A. deſcription of the Need/er and 

"93 ſeveral <5, ow, Same m the leaf 
144 of a Nettle: how the ſtinging pain «s 
created : upon this ſeveral conſidera- 
trans about foyſoning Derts are ſet 
dawn, An Experiment of kalling Effs, 
and Fiſhes with $elt. Some comettures 

at the efficacy of Baths, the uſe that 
may be mods. of imjefRing into the 
145 Veins, A very remarkable Hiſtory 
owt of , Bellonius ; and ſome Conſide- 
rations about [taining and dying of 


TaBLE. 


Obſerv. 31. Of Purflane Seeds, 56 
A deſcription of theſe and many 


| other Seeds, 


Obſerv. 32. Of Hair, 157 
The deſcription of ſeveral ſorts of 1 58 

Hair ; thetr Fipures and Textures : 

the reaſon of thetr colours, A deſeripti- x i q 

on of the texture of the (hin , and of 160 

Spunk and Sponges : by what paſe 15x 

ſages and! pores of the 1hin tranſpira. 

tron ſeems to be made. Experiments 


to prove the porouſneſs of the shin of 


Bodies. | Vegetables, 


.Obſerv, 26. Of Cowage. 
\\. The deſcription of it out of Parkin- 


146 ſouren Experiment made of it : a de- | 


 fereption, and ſome conjeftures at the 
cavſe of the Phznomena. 


Obſerv. 27. Of the Beard of a 
wild Oar. 

147 gk 
148 -: The deſcription of its ſhape and 
149 Properties : the manner of making a 
150 Hygroſcope with itz and a Conje- 
151 Rwre at the cauſes of theſe motions, 
152 4 of the motions of the. Mnſcles, 


T Obſerv. 28..0f the Seeds of Ye» 
nice Looking-plaſs, 


153 The deſcription of them, 
Obſer. 29. Of the Seeds of Time, 
I54 | A deſcription of them. A depreſſion 


about Natures method. 


Obſerv. 30+ of Poppy Seeds. 


Obſerv. 33. Of the Scales of a ;,;5, 
Soale. 


A deſcription of their beauteons 


| form, 
Obſery. 34.Of the Sting of a Bee. 163 
A deſcription of its ſhape, mecha: 164. 


| m1{me, and uſe. 


16F 
166 

A deſcription of the ſhape and cu- 167 
rious contesttire of Feathers. : and 
ſome conjeffures thereupon. 


'Obſery. 35. Of Feathers, 


Obſer. 36. Of Peacocks Feathers. 


A deſcription of their curious form 1 68 
and proprieties ; aith's conjefture at 16 9 
the canſe of their variable colors,” 


Obſer.' 37," Of the Feet of Flyes, 
and other Infedts. wy 
A tle[cription of their figure,partr, 1,» 
and uſe, and ſome” conſiderations x , 1 


155 The deſcription and oY of | 


them. 


thereupon, 


Obſery, 


The T aBLe. 


172 Obſer.z8. Of the Wings of Flyes. 


After what manner,and how [wift. 

173 ly the wings of Inſefts move. A de- 
ſcription of the Pendulums under the 
and their motton : the ſhape 


174 wings , 
ya, <7 of the parts of the wing, 
175 Obſer. 39. Of the Head of a Fly. 


1. All the face of a Orone-fly is no- 

thing almoſt but eyes, 2. Thoſe are 

176 of two magnitudes, 3. They are 

Hemiſpheres, and very refle@rve and 

ſmooth. 4.S ome direfted towards eve- 

ry quarter. $5. How the Fly cleanſes 

them.s Their number. 7.T heir order : 

177 divers particulars obſerv'd inthe diſ: 

178 /efting a head. That theſe are very 

probably the eyes of the Creature z ar 

gued from ſeveral Obſervations and 

179 Experiments, that Crabs , Lobſters, 

Sbrimp:,ſeem to be water Inſefs,and 

to be framed much lihe Air Inſefts. 

130 Several Conſiderations about their 
manner of v1f10n, 


Obſer,40.Of the Teeth of a Snail, 


181 A brief deſcription of it. 


Obſerv. 41. Of the Eggs of Silk- 
worms, 


132 Ceveral Obſervables about the 


Eggs of Inſeits: 


138; Obſerv. 42. Of ablue Fly, 


184, A deſcription of its outward and 
inward parts. Its hardineſs to indure 


125 freezing,and ſteeping inSpurit of wine. 
Obſerv. 43: Of a water InſeR. 


186 A deſcription of its ſhape, tranſpa- 


rency, motien, both internal and pro- 


greſſive;and transformation, A Hiſlto- 189 
ry ſomewhat Analogus cited out of 

Piſo. Several Obſervations about the , g2 
various wayes of the generations of 

Inſets : by what means they aft |o , 89 
ſeemingly wiſely and prudently Seve+ , 50 
ral Queries propounded, Poſt[cript, 191 
contaming a relation of another very 
odd way of the generation of Ines. 
An Obſervation about the fertility of 
the Earth of our Climate in producing 
Inſetts, and of divers other wayes of 192 


therr generation, 


192 


Obſerv. 44, Ofthe tufted Gnat, « 


Several Obſervables about InſeRs, 


and a more particular deſcription of x 
the parts of this Gnat, 2 "y 


Ob.45.Ot the great belly'd Gnat, ,, 
A ſhort deſcrtþtion of it, 
Obſer. 46. Of a white Moth, 


- A deſcription of the feathers and 196 
wings of this, and ſeveral other In- ; q, 
ſets. Drvers Conſiderations about the xg g 
wings, and the flying of Inſet; and 


Brras. 
Obſ. 47. Of the Shepherd Spider, 

A deſcription of its Eyes : and the 
ſockets of its long legi: anda Conje- 199 


ture of the mechamcal reaſon of. its | 


| fabriek; together with a [uppoſition, 


that 'tis not unlikely,but Spiders may 
bave the make of their inward parts 
exattly like a Crab, which may be ,56 
call'd a water Spider. ILEYT 


Obſer.48. Of the hunting Spider. 
A ſhort deſeription of it's to which 


is annext an excellent Hiſtory of ity *©* 
made by Mr, Evelyn. Som further 
Mm Obſer- 


their Webs , together with an exami- 
nation of a white Subſtance flying up 
and down in the Air after a Fog. 


Obſer. 49. Of an Ant. 


That all ſmall Bodies, both Vege- 
table and Animal, do quickly dry and 
wither,The beſt remedy 1 found to hin- 
der it,and to make the Animal lye ſtill 

204 to be obſerv/d. Several particulars re- 
lated of the ations of this Creature ; 
205 and a ſhort deſcription of it: parts. 


20g 


Obſ. 50, Of the wandriag Mite, 


206 A deſcription of this Creature, and 
of another very ſmall one, which uſu- 

20, ally bore it company. A Comjeture at 
the original of Mites. 


Obſery.51. Of a Crab-like Inſet, 


208 A brief deſeription of 1t. 


Obſerv. 52. Ofa Book-worm. 


A deſcription of it 5 where by the 
way ts inſerted a dipreſſion, expert- 
mentally explicating the Phznome- 
210 Na of Pear!, A conſideration of its 
digeſtive faculty. 


209 


Obſerv. $3. Of a Flea, 
A fbert deſcription of it. 
Obſerv. 54. Of aLouſe, 


211 


212 A deſcriptzonof its parts,and ſome 


21 3 notable circumſtances. 


Obſerv. 55. Of Mites, 


The exceeding ſmaineſi of ſome 
Mites,and their Eggs. A deſcription 
21 4 of the Mites of Cheeſe ; «nd an anti- 


The TasBLt. 


202 Obſervations on other Spiders , and 


mation of the variety of forms in other 
Mites, with a Comjefture at the rea» 21 - 
ſon. 


Ob, 56. Of ſmall Yine-Mites, 


A deſcription of them ; a gheſf at 
their original , their exceeding (mal. 
neſs compar'd with that of a Wood- 216 
lonſe,from which they may be ſuppos'd 


to come. 
Obſerv. 57. Of Vinegar-worms. 
A deſeription of them , with ſome 217 


conſiderations on their motions. 


Ob. 58. Ofthe InfleQion of the 
Rays of Light in the Air, 


A ſhort rehearſal of ſeveral Phe- 218 
nomena. Anattempt toexplicate 219 
them:the ſuppoſition founded on two 
Propoſitions , both which are indea- 
voured to be made out by [ſeveral Ex- 
periments, What denſity and rarity 
is in refþett of refraftion: the refrafti- 
on of Spirit of Wine compared with 
that of common Water : the refraltion 22 
of Ice. An Experiment of making an 
Unaulation of the Rays by the mixing 
of Liquors of differing denſity, The 
explication of infletion, mechani- * 
cally and bypothetically : what Bodies 
have ſuch an inflefion. Several Ex- 
periments to ſhew that the Air: has 
this propriety 3 that « proceeds from 2.22 


2I 


| are of aifſering denſity ; ſome a 


the differing denſity of the Air : that 

the x Sud A part of the Air | 
ments to prove this, A Table of the pes 
ſtrength of the [ſpring of the Air ," an- 
ſwermg toeach depree of extenſion ;. - 
when firfl made , and when repeated. 21, 
Another Experiment of compreſſing 225 
the Air, A T able of the ſtrength of the 4 2.5 
Atr , anſwering to. each compreſſion 


| and expanſion ; from which the height 


of 


227 of the Air may be [uppos d indefinite 
228 to what degree the Air is rarifid at 
any diſtance above the Surface of the 
Earth : how, from this, Infletion ts 
229 inferr'ds and ſeveral Phenomena 
230 explaind. That the Air near the 
Earth i compos d of parts of differing 
denſity ; made probable by ſeveral 
Experiments and Obſervations ; bow 
this propriety produces the effefts of 
the waving and dancing of Bodies ; 
and- of j - twinkling of the Stars. 
233 Several Phaznomena explicated. 
Some Queries added. 
1. Whether this Principle may not 


231 
232 


be made uſe of, for perfetting Optick 
234 Glaſſes ? What might be hoped from | 

it if it were to be done f | 

2. Whether from this Prenciſg | 
the apparition of ſome new Stars may 
not be explicated ? 

3. Whether the height of the Air 
may be defin'd by it f 

4. Whether there may not ſome- 
times be ſo preat a diſparity of den. 


ſity between the upptr and under pars 
of the Air, as popes” wu 
Surface 

5. Whether, if ſo, this will not ex. 
plicate the Phzxnomena of the 
Clouds, An Experiment to this pur- 

oſe ? 

7. Whether the Rayes from the 
top of Mountains are not bended into 
Cerve-lines by inflelion ? An Argu. 
ment for it,taken from an Experiment 
made on St. Paul's Steeple. 

$. Whether the diſtance of the 
Planets will not be more difficult to 

237 be found? What wayes are moſt like- 
ly to reftifie the diſtance of the Moon: 
the woy of fitting Teleſcopes for 

ſe 


ſuch Obſervationr. How to make the 


235 


236 


0bſervations , and how from them to 
find the true diſtance of the Moon at 
any time, How the diſtance of the Sun 
may be found by two Obſervators.The 


238 


The TABLE. 


739 


way by the Dicotomy of the Aſoon un. 


certain, That the diſtante of the 
Moon may be leſs then it has been 
bitherto ſupper'd. Kepler's Suppoſiti- 
on not ſo probable : the explication of 240 


the Phznomena by another Hypo- 
theſis, 


Obſcrv. 59. Of the fixt Stars, 241 
Of the multitudes of Stars diſco- 
verable by the Teleſcops , and the 
vartety of thetr magnitudes: 78, Stars 
diſtinguiſht in the Pleiades:that there 
are degrees of bigneſs even in the Stare 
accounted of the [ame mapnitude : the 
longer the Glaſies are, and the bigger 
apertures they will indure, the more 
fit they are for theſe diſcoveries : that 
tzs probable, longer Glaſſes would yet 
make greater diſcoveries, 5, Stars , 42 
__ n the Galaxie of Orion's 
word. 


ſery. 60. Ofthe Moon. 


deſcription of a Vale in the 
n; what call d by Hevelius and 
Ricciolus,and how deſcrib'd by them: 
with what ſubſtances the hills of the 1 41 
Moon may be cover'd, A deſcription 
of the pits of the Moon, and a conje- 
ure at their cauſe : two Experiments 
that make it probable, that of the ſur: 
face of boyd Alabaſter duſt ſeeming 244 
the moſt likely to be reſembled by eru. 
ptions of vapours out of the body of the 
Moon : that Earthquakes [eem to be 
generated much the ſame way, and 
their effets ſeem very ſimilar, An Are 
gument that there may be ſuch varia- 
tions inthe Moon , becauſe preater 
bave been obſerv'd in the Sun:becauſe 
the ſubſtance of the Moon and Earth 
ſeem much alike : and becanſe *tis pro- 
bable the Moon has a gravitating 
principle : this ts argued from ſeveral 
particulars, The reaſon why ſeveral 
pits are one within another. The uſe 
that may be made of this Inſtance of 
a gravity in the Moon, 
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N the Preface, Pape7.line 18. read feet : line 24. read Gilbert, Harvy, 

Page 13.[ine ule. read iefte-: pi 34.1.1 8.r. ſmall lens :1. penulc. r, chat proceeds from : p.40.1. 44.r.when you: 
p.48.1.34. r.,broadeſt: p.57.. 39.dele be:p. 62. 1.36. r.water-drop : p. 64.1.9.r.duRion of G ACA: 135.1; im- 
preſtions : p« 96,1. 33. r. —_ : p,160,1. 11, r. Merſenivs : p.1061.8.r.exrreamly :; p. ntols.re : 11:2. 
r.thoſe: p.t12.l.32.r. Aldronendusr;jwormins 7 p.121.l.g delewf: p.128.1.43, dele from:p.129.1.18.r. fifth place : 
p.130, 1.29. r. Acrid menflruum 7 p. 136.1.39.r. knew bow © p. 144). 23r. perts of the: p, 147, 1.36. r. look'd on : 
Þ. 161, Lr3.r. body: p:162.1.17. dele only: p. 166.1.1t1.r.22 : 1, 12.dele thEGemicolon: 1 27.7, place : 
p-167.1, 40,r.z::zp-172.1.18.r, and firſt for the : p. 198.1.17.r. aud an artific. p. 215, L ult. c. ad from the - 


P. 231.1, 4. r. whence the ander; p.2 34.1.1 8.c.to bope: p.,238.1.42.r.is not leſs: p. 240.1. r9.r. Mev. | 
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